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CHAPTER 1
Functions and Their Graphs

Section 1.1 Lines in the Plane

You shouid know the following important facts about Dines.
B The graph of ¥ = s + b is a straight boe. It s called & Hoear equation.

B The slope of the bne through {x,, v} and (x, ¥, 18

B (2} Ifm > Othe line rses from feft o nght (b B o=, the ling is horizontal,

(e} Hm < O, the Boe falls from left 1o right, {dy Hom s undefined, the lae is vertical,

B Houations of Lines

{a} Slope-Intercepts v = my + b ' (&) Point-Stope: v — v, = mlx — x)
oy . ¥ ¥y . } - , .
(¢} Two-Pointr y ~ vy, = ¢ ~ 1} (dy General: Ax + By + ¢ =0
Xy X
{ey Vertical x = o {f'y Horizontaly v = b

B Given two distinet nonvertical lines
Livy=mux+ b and Loy = mx + by

{a} L, s parafiel to Lo and only ifm, = myand b, # b

by L, is perpendicular o L, if and only o= -1/,

Vocabulary Check

Foofay e by 1 {oy v dyn ey v 2. slope
3. parallel 4. perpendicular 5. lLinear extrapolation
Since the slope 1 positive, the line rises, 2. (ay m = Q. The line i3 horizonial. Matches L.,

Matches I, - 3 » - :
: {by m = — 3 Because the slope 15 negative, the line

by mis undefined. The line is verncal. Maiches Lo falls. Matches L,
{c}y m = —2 The line falls. Matches L, {ey m = |. Because the slope is positive, the Hine

rises. Matches L.,

4. a7 % undefined.
\
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Secrion 1.]  Lines in the Plane
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Slope 1 undefined.

Since m = 0, v does not change. Three points are
0,1, (3, 1, and (— 1, 1)

. Since mois undefined, x does not change and the line
is vertical. Three points are (1, 1), {1, 2}, and (1, 3},

Since mow= — 2, v decreases 2 for every unit

imcrease in . Three points are (1, ~ 115, (2, ~ 13},

and (3, -~ 15}

. )i - - .
Sipce mr o= 3, vincreases | for every ingrease of 2
in x. Three points are (%, — 15, {11, Ohand (13, £

v S+ 3
(z) Slopgs m = 3
w-intercept: (0, 3)

(b}

&.

8.

12

H

4.

b6

18, Si

24

The Hue appears o go throvgh (0, 8% and (2, 0).

Slope = = = — 4

Slope = e o — 4

5
2.4
1
B g 4
ol

#

Stope

0

i

e
-

points: (O, — 23, (1, —2), {4, —2).

Hecause m is undefiped, x does not change. Three
other points arer (—4, 00, (—4, 3 (—4, 5).

Since m == 2, v increases 2 for every usif increase
in x. Three points are: (4. 61, {3, 8}, and
{210

2 units in x. Three points are {1, — 75 (3, —8&),
(s, - 9.

Loy

(a} Sloper mo= -
yeintercept: {0, 3}

{by i

] - . -
T decreases 1 for SVETY INCTeEse OF
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21 5x - 2=

lajha foun]

X o=
{a}y Slope: undefined

No y-intercept

{a) Slope:

22. 3+ 7 =0

fezd

X e
undefined

y-intercept: none

2L 3y 4+ 5=0
5
y=%
(a} Slope: m = O

F_ . 3
y-imercept: 50 - 3}

(B} A (b i () .
2 ! H
).
i I 1 3
; i ; % ! 3 g ; 5 ‘ ”
v 2 kS
S {G‘ ““?M}
EE L %A

{a} Slope: m =0

y-mtercept: {é}, w%}

{b} ;
I, sy om o= — 27

oy o+

2= 3x -0
ym?i’""’z sy 3}7““}}"“_2::‘{}

S
e
o

28.m =3 (=2 ~5)
y+ 5= §(>; + 7
by + 20 = 3x + 6
= 3y —~ 4y ~ 14
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Section 1.1 Lines in the Plane &

. < . k1 i K
28. X 36. m undefined. Line is vertical. 3oy - 3= O+ 3
— 3 o .
x=6=0 x+ 10 =10 y - 5 = 0 horizontal line
¥ ¥ ¥
& S .
e 1
’ Tl il
~ : b S -
S R Al Ny - s
4 b T3
" j

32. m = {0 Line s horizontal, 33, v 4+ = ey —~ 5 34,5, (4, —4)

v+ BS=0 J ~4 =3

i ; R TS U e T ¥
B4 L2 4 6 8 10 y o= Eji 2 %

i

- 7 i
1 (23 -85 3 ¥ éx - ‘,‘}“

e 1 \ -

IR b

-t %

;h-a. 2 4

o
m

51
35, Since both points have 3 (1 ALE 4 .y P S 2}

= R the slope is 2
undefingd.

x = —§

.

4 L3

Yo ey T

2 2
5 # ¥ = 3
5 -"\\
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. ¢ 3 ;
. 2 3 i i 1
3. (1,1).[6 m> 39,y 4+ o= (4» ~~~~~~ )
01465 TS TR E T 0
7 ‘
2 36 I
PR T A SO Y S 2 —_—
vy I Y FreT TR m)

47 ~0.6 - 06 , .
40, ( ( - Ay = 06 = ————(x — 1} 42, (~8,06),(2, ~2.4)
\_ 3 4/ ~2 = 1

C_3_13-3 [, %) y=04(x - 1} + 06 T e S
../ 2 ‘.ﬁw

s v Odx + 0.2

3 .
/

uo-— :i e ——3- A e # - # PR e
7 257 —~ W5
3 1549 :
g T
28 100 T — &
2 N\.\;n\.‘%‘“‘m.
Mw% A
-3 3
=3 = {7 4 —3 -
43. The slope s - o {:W{E} == 2. %_2; = L:;_

¥ (=3 =2~ 1)

yob 3 =1dx - 2

v= 2y~ 5

© Hougiton Miflin Company. All fights reserved,
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Section 1§ Lines in the Plane 7

435, Using the points (2004, 28,5007 and (2006, 32,900),

vou have

_ 32,900 - 28,500 _ 4400
W06~ 2004 2

5 285300 = 22000 — 2004)
5= 2208 ~ 4,380,304
When r = 2008,
&= 220002008 — 4,386,300 = $37,300.

= 7200

47. x -2y =4
—~dy = —x+ 4
S
l's* 2,‘ £
Stope: i
Shope:
y-intercept: (0, — 2}
The graph passes through {6, — 2) and rises | onit
foor ench honzontal increase of 2.
&%, x = —§

stope 18 undefined
B0 -intercept

The fine s vertical and passes throngh (—6, 0},

51, v =053 — 3

kil

-3 4

The second setting shows the x- and y-intercepts
more Clearly.

46,

48,

Using the points (2004, 250007 and (2006, 27,506),
you have

06 — 2004z 20
§ = 25000 = 1I50(r — 2004}
5 o= 1250 — 2 ARGOO0.
When ¢ = JO0E,
& = 125002008} — 2480000 = $30.000.
Jor + 4y o=
dy == -Gy -+
~3 1
y=x by

3

3
Slope: — -
Slope p

}
ine w,a.:({u-i
y-Intercepy \) 7y

The line slopes downward and passes through the
point {(} i}

Slope: G
yeinercepd: (0, 13)

The tme is horizontal and passes through (0, 125

34 23
&
5 "\ 3 e T 1
o,
Y e
Ak 450
The first setting shows the »- and v-histercepts

mare clearly.

53 9+ 1 5
=2 T e 17
f?’ilf: & e {3 o
t -3 I i 0
'Yﬁj" """" T e e D e o . 0. 3 ?44‘ ii
o4 =0 2 my NG
Ly and L, are perpendicular. *
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: . g6 2
54. L. (—2.—11,(1, 5 # 88, m, = = .
r’(i.ﬁ) - —~-6-3 3 <06
SO . L5 I
my = Sz 6 3 i) " Ipy 2 . (@ia)‘/"r/{& 11
1—{=2) 3 [ Ry == = = (@, -1
Ly (1,3),(5 =5) o2 e
o (L3, 63, =3) - L, and L, are parallel. -
, ~5-3 ~§ 5
By e G e 2D e
- 5—1 4
The Hnes are neither paraliel nor perpendicuiar
56. L2 (4,8}, (4.2} &Y. 4x — 2y =3
2-8% -6 3 _ 3
T AT T Sk y=t—3
o : Slope: m = 2
103 %}5(_§%} Slope: m
R fay y — 1= 2x ~ 2}
e .
Frly W €§/g} { “} pred E&/% w -w-":/l:- }; = zx "" f%
- -1—3 i 3 .
‘ I
The lines are perpendicular, by y— 1= =3 {x =2
iG
) yo= b 2
=3 2,7:»’/”
12 - 1: iz
S AT
B.ox+y=17 539, dx + 4y =7 8. 6x + 2y = G
vy= —x+7 ¥ o= mix i Zy= —6x + 9

x4 =0

fay mo= 1, (=372} {a}y vy — %
¥ o— 2= = Hx + 3 y
y= x )y — ¢

by m = 1,(—3 2} ¥

vertical Hine
slope not defined
{ay x — 3 = ( passes through {3, — 2}

by v == — 27 passes through (3, —2) and is
horizontal

y = ~3x + %
Sloper m = — 3
(a) m = =3 (~39, —1.4)
vk 14 = <3+ 39}

b+ yo= - 3x - 131
(by m = 4§, (~39 —14)
y+ 14 =tz + 39)
Ll
FEIE TR
62 y+ 2 =0

y= 2
Slope: m = 0
{2y m=10, (—4, 1}

y o= ]
by m undefined (vertical line)

¥ = —4

€ Houghton Mifflin Company. Al rights reserved.
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Section 1.1 Lines in the Plane 9

&3,

The clope is 2 and (-~ 1, — 1} lies on the line. Hence,

y+1=20x+1}

yome Jx 4+ i

&%, The slope of the given line is 2. Then [ has slope —%.
Hence,
y=2=—jx ~ (-2}
y—2=—3x+2)
y = wri;x + 1
&7.(a) y= ¢ (B y= ~Zx (¢) vo= Ay

5@‘{ f:a} Yo %X

71.

(b} and (¢} are perpendicular,

(b} y = —3x + 3

ey y= 2 4

(as and (b) are parallel.

{e}y is perpendicular to (a) and (b}

Slope
069 —~ 091 = 027

{ay  Yeary
19951996

19961997 .57 — 069 = —0,12
19971908 .74 - (.57 = 0.17
1998 1999 P60~ 0.74 = .86
1999 2000 .87 — 160 = 078
20002001 397 ~ 082 = 4,10
2012002 020 -~ 092 = ~072
20082 2003 0.00 — 020 = — 020
20032004 .31 — 600 = 031
Createst increase: 19981999 ((L.84)

Createst decrease: 19992000

(—G.78)

64. The slope is ~2 and (1, 1} lies on the line, Hence,

y— 1= =2 - (= 1)
y— 1= =2x+ 1)

¥ B LR

66, The slope of the given line 15 3. Then [ has slope *i

Hence,
} — 5 e %{x - (\_ %}}
v - 5= I+ 3)

M

3 3 P
LEpy =g LyyvE —h bpys e+ 2

and L.

L, is parailel to L,. L, is perpendicular (o L, and L,

5 (5,091). (14,031}

_ 431 - 091

y - 091

4 -3

1 g PaT
e b 5 e e + ':_.Z"_
Y 15 160 125 7 300

y o= —0.07x + 1.24

Berween 1995 and 2004, the earnings per share
decreased at the rate of .07 per year,

For 2010, x = 20 and
¥ o= — 047208 + 1.24 = —0.16, which i3
reasonable,
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Fupctions and Their Graphs

T2 {a} Years

Slope

19951994 3.0 — 132 = ~4.1
19961497 1322 - 131 =01
19971998 f26 ~ 132 = —~06
1998 -159% 128 - 126 = (3
19992000 144 ~ 129 =15
20002001 4.1 — 144 = 03
20612002 136 ~ 141 = ~0.2
2002 20603 151 — 138 =12
20032004 B4 ~ 151 = 33

Greatest increase: 20032004 {33}
Smallest increase: 19961997 (001)

R : X
3I_x

4 16

4x = 48

X =12

The maximum height in the attic is 12 feet.

75. {6, 2540%, m = 125
V- 2540 = 125 — &)
Vo= 125¢ + 1790

77 (6, 20400}, m = — 2000
YV — 23400 = —2000(r — 8}
Vo= - 3000 + 32,400

79, The slope is m = — 10, This represents the decrease

in the amount of the loan each week,
Matches graph (b).

Bl. The slope is m = (.35, This represents the increase

it travel cost for each mile driven.
Matches graph (a).

(&)

(d

e

74.

76.

7.

B4,

(5,13.2), (14, 18.4}
R4 ~ 132
------ 130 m ol AR g
¢ s S
o A0 asd
AT AT

y = (.58x + 1031

i Between 1965 and 2004, the sales (n billions of

dollars} imcreased at the rate of .58 per vear.

For 2010, x = 20 and
v o= 0SB0 + 1031 = 2191 (hillion), which
seems reasonable.

ione = T
Slope -
T2 2000
1594} X
— 125 = {— 20003100

-
i

16,6663 fi = 2.16 miles

Vo= 4508 + 129

(6, 245.000), m = — 5600
Vo~ 245000 = —5600( — 6)
V= — 86007 + 278,600

The y-intercept is 12.5 and the slope 15 1.5, which
represents the increase in hourly wage per unit
produced. Matches graph (¢).

. The y-intercept iz 600 and the stope is — F{, which

represents the decrease in the value of the word
processor each vear Matches graph (d).

© Houghton Miffin Company, Al fights reservad.
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Secrion 11 Lines in the Flone it

83, (a) (D, 25,0000, (10, 2000) ) t=0: V= —230000) + 25.000 = 25.000
25000 = 2000 - 25000 p= b Vo= 230001 + 25,000 = 22.700
T -0
et
Vo 25.000 = ~ 2300
Vs 23000 + 25,000
0

;

rlo { 2 3 4 5 6 7 i g 10

Vo 25,600 22700 ) 20400 | 18,100 15,806 | 13500 11200 1 8800 | 6600 4300 2000

84, (2) Using the points (0, 32} and (104, 212}, we have
21232 180 9

n‘?::m«ww%wmmmguaw e

g — 6 o 5

F~32=2(C - 0)

%
50
9
<

Fo=—0C 37

(b} F=3C + 32
F o= (7 0=12C+ 32
E S
~32 = 2
~ 178 = C

C= 107 F=3{-10) + 32
Fe —18+ %

Fo= 14
C=10%  F=%(10) + 32 F o= 635 68 = 2C + 32
= 18 4+ 32 362%(?
Fo= 50 0= ¢

F = 3186 + 32
Fo= 35006

Cp 178D 107 0 207 3220 L 1T

Fi& 14" 507 | 687 | 907 350.8°
85, (ay C = 36500 + 5.25r + 11.50¢ (by R =27t
= 1675 + 36,500
e}y P=RK—-C {(d} G = 10.25 — 36,500
= 27r — {1675 + 36,500 36,500 = 1025

= 1025t — 36,500 £ == 3561 hours
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80124 — A9 471 = 341 smdents per y
0G5 — 19491 14 %L SRIGENLS per year

86, (n) (580, 505, (825, 47) 87, (a)

5o 5 s ey — S0 (by 1984 75,349 ~ 3417} = 72,962 students
1997 75,349 + 341{6}

i

77,395 students
Z000: 75,349 + 341{9) = TR 418 students

- .} " 266 {Answers could vary)
x : B
! - (cy Lett = 0 represent 1990,
(by 4 . e e .
Y (1, 75,349}, (15, 80,124)

" 30,124 — 75,349
“ v 75549 = DI = 73,349

. 15— 1
. N.,wwmw::ﬁikm e

- a7
v= 50 gy 9530
Hp = 635 ¢

r— b}

b4

y o= 3410 4+ 75,008
Algebruically,

3

The slope 341 represents the annual increase
in siudents. 1 s positive, indicating that
Penn State University increased its students
from 1991 1o 2005

&8, Answers witl vary, The slope 13 341 which is equivalent to the rste of change,

89, False. The slopes are different

. False. 91. = b e

e : 5 -3
The equation of the Hoe toining (10, —3) and ,
(2. -9 is ~3r Sy 15 =0 3
- . Lo
- F a =5 and b = 3 are the r and y-intercepts, z
3 £
3 o
o % e iy -~ -
v 4= e Hiy 3 = e z
L Py
-~ [
3021 - =
e X o = =
& 53
4 2 3
i 31 g
oy oy = e 1Y e 2k £
For x 13w = i 12} 5 %
k=
= - PG5 5
5
.37 £
o &

2
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Secrion 1.1

Lines in the Plane

13

L + o=
a b
R A
~& 2
A
T S
/ { * e
X
=42
y=3

a and b are the x- and y-intercepts.

&
g h '«/‘//H »”
2
94, T+i=
sl o2
Ty
x4+ y=

k)

] &
X y
e e |
Oy y e
—fx — ;m = ]
125+ 3y + 2 =0

1634, The slope is negative and the

y-intercept is negative.
Matches (b

183, No. The line v = 2 does not

have an x-miercept.

GE.

98.

141,

104,

~2x 12y

2

LYo
AN

x4 2y — 6 =0

X ¥
e
a b
ES I
1/4  4/3
b33
5P T35
16 + 15y — 12 % 0

Both Hines have positive
siope, but thelr y-intercepts
differ in sign. Matches (¢}

Mo, x = 1 cannot be wittien
in slope-intercept form
hecause the slope is
undefined.

LR
96. Sty i
A SN
~5  —4
dx + Sy + 20 = 0

99. The slope is positive and the

y-intercept is positive,
Matches (a).

182, The lines intersect in the first

quadrant at a point {x, v)

where x < y. Matches (a).

185, Yes. Answers will vary.



& Chaprer ] Functions and Their Graphs

6. Yes. Answers will vary,

8, Yes x — MWx? 4+ 1o M4 x4+

Y. Yes x + 20

111, Moo This expression is not defiped for x = +3.

—fx — 27 = (x - 9Yx + 3}

9, No. The term 57 = i causes the expression to not be a polynomial.
I Ves 25— 2t - 4 2= =2t - 2+ 2 4 2

112, Ne. H RN
114, 07 — 1l + 28 = {x — 43y — 7}

116, 3x? — I6x + 5o (3x ~ 1}x = 5)

Rection 1.2 Functions

117, Answers will vary,

{a) Find the domain.

(b Evaluste it ar specific valoes.

# CGiven a set of an equation, you should be able (o determane If 1t represents a function.

B Given a function, vou should be able 1o do the following.

Vocabulary Check
1. doman, range, function

4. mmphed domain 5. difference guotient

2. mdependent, dependent

3 piecewise-defined

b Yes, it does represent & function. Each domain
vatue is matched with only one range value,

3. Mo, it does not represent s fonction. The domain
values are each matched with three range values,

A Yes, the relation represents v as a function of x.
Each doman value is maiched with only ong
range valoe,

7. Mo, it does not represent a function. The mpuot values
of 10 and 7 are each mached with two output values.

2. o it is pot a fupction. The domain value of |
is matched with two output values,

4. Yes, it does represent a function. Every domain
value is matched with only one range value,

=

No, the table does not represent a function. The
input values of G and 1 are each matched with fwo
different output values,

B. Yes. the table does represent a fanction. Each
input value i matched with only one output value,

9. {ay Each element of A is matched with exactly one element of B, so il does represent a function,
(b} The element | in 4 {3 matched with two elements, —2 and 1 of B, so it does not represent 2 function.
f¢) Bach element of A 15 matched with exactly one element of B, 30 1t does represent @ function.

() The element 2 of A 18 not maiched (o any element of B, so i does not represent a function.,

& Houghton Mifflin Company, Al rights reserved.
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Secitan 1.2 Functions

i,

1.

HRC

i5.

17

1%,

21

{8} The element ¢ in A is matched with two elements, 2 and 3 of B, 5o it is not 2 function,

(b} Each element of A is matched with exactly one element of B, so it does represent a function.

(£} This is not a function from A to B (it represents 2 function from A (o A instead),

{d) Each element in 4 is matched with exactly one element of B, so it does represent a Tunction.

Each are functions. For each year there corresponds

one and only one circulation.

HEP =4 ms y=vJd i

Thus, v is #or a function of x. For instance, the

valpes v = 2 and —2 both comespond to x = 0.

v -1

This is a function of x.

2e 3y =4 = oy =4 - )

Thus, v is a function of x.

= oy T +oSxd ]

Thus, v is not a fonction of x. For instance, the

=

values y = /3 and — /3 both correspond to x = 2.

y=la

This is & function of .

. x = 7 dogs not represent v as & function of x. All

values of y comrespond o x = — 7,

) = =
o+
S N
P }—{4}+']~~-§
N
(c) fi4) = (4 + 1 4 +
gla) = 52 = 2x

(a} g2} = (2F = 22} = O

(by g{—3) = (37 ~ A-3} = i5

(@ ele+ 1=+ 1P -2+ 1=~ 1
@y plx + ¢l = {x + ) — 2z + ¢

= gt 2ex + 7 - 2o~ 2¢

12

i4.

i&.

18

28.

22

FE200%) = 7.7 million newspapers

x:;:‘}2-§—§

¥ =k -fox -k

This iz nor 3 function of x. For example, the values

v o= 2 and v = 2 both correspond o x = 5,

y=Jx+ 5

This i a function of x.

This is a functien of x,

R S
=3 = oy =203 -

Thus, v is nor a funciion of x,

pl=4~y = y=d4—xory=—{4 -

Thus, v is nor & function of &

. v o= 8 is & function of x, a constant funciion.

274 = 3+

(ay Fl) = 32 + 1 =7
(b f{'"‘“ﬂi = Q{W_Ci} S = 1
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28. gly) =7 - 3y 29, B(s) =12 = 2t
(a) gl0) =7 ~ 3O} = (ay B(P) = 2% — 2(2) = O

ty gl =738 =0 (b} A(1.5) = (1.5 — 2(1.5) = — (.78

(cy gls +2) =7~ 3s+2) ey Blx + 2} = {x 4+ 2F — 2x + 2) = 22 + 2x

Y V{ F} o= %W,ﬁ 31 A “‘rf o g \;'i“;'

A —
(a) VE3} = g3y = 367 () Fl025) = 3 ~ O35 = 25

NNEEN O B L (c) flax?) =3 ~ Jax* =3 ~ 24
I B s N

A -9

Tl
Lo

3 Ffloy = Sr g2

{a) f{ﬁgj = v/{*g

J . f 1
® )= SO T8+ @ ol =55 = 75

-9 9

4
S|
+
»
i
b

) flx~ 8= Jlx— 8+ &+ 2= Jr+12 \ i
(e) flx = 8 . ) P By gl3) = =
S5

’d:} (;f‘% o %} = e wm 2

L0 L I . B} oy ey e b
(b gl = T Privision by zero is undefined. (b fl—3) =~ Y E

_ N (e O S P S - ; L
(€} glrx) = = = Ty ©@FT="=0iren
(—xF x° L

37, fln) = { 7

(@ fl- 1y =201+ 1 = =1

(b} FL0) = 206} + 2 = 2

@ f2) =202+ 2=6

@ Houghton Mitlin Gompany. All rights reserved.
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Section 1.2 Functions i7
) jﬁx%i xS . x4+ 3, %1
. = S, fix)=1{

BSW=1 2 oo 39 1) {sz+2, x> 1
@ f~ =22 +5=1 @ -2 = (-2 +2=6
®) f0) = 20) + 5 = (b) 1) = (1P +2=3
ey Fliy =2 — 12 =1 (cy f(2) = 202 + 2 = 10

. ¥+ 2 x =
¥t~ 4, x s { o
. i) = . = < 7
4. Flxy {§~“2xz,x>€? £3. flx) 4;‘ 0= x <
¥4+l x22
— s (—- - . o e o= N .
@ f(=2) = (=22 ~4=4-4=0 @ F=2) = (~2) + 2= 0
by A0 = 02~ 4= 4 \
&) f0) ) f1) = 4
y ! = e & i) — o ——
ey flily =1~ 2618 =12 I © fd) = 4+ 1= 17
5 2x, x <
42, flx) = 15, 0<x <! 43, hsy =t + 3
dx+ 1, x 2 |
(@) f(=2) =5~ 2~2) = 9 N Bl Sah Bl Skl Ml
EORBIE i
m i) =5 @ IR EE
© f =4{1) +1=>5
. 53 -2 3 5
44, fis) = : AR U S B 2 % 4
5 2 : = z
Ayl b -1 -1 :
Y J;memzi B :
Figy o3 TT5° i
R § B !
f T e e el
=5 1 :
N -2
Fizh=-3 e
2 i
e i
sv E-a2l
f(fz") BRI
o l4-2 2
o7 TR ] R
fa =y =g =t
i . - 3
. —~5x + 4, x <0 8-x x<3
o = ‘3 o }'l Ea
45. flx) L 2 ko0 6. hlx) {x 3 r33
R(1) =9 - (1 = 8
-2 i—1| 0 1 ‘
! - B2Y =9 = (22 =3
x5 z 4 1 &
A : M3} = (3~ 3= 0
Ay ={4) -~ 3 =1 | Pl 2131415
WSy =1(51=3=2 thlg 8510112
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47, f(x) = 15 — 3x = 0

dx = L
4
X o=
5
5t flx) = glx)
¥ = x4 2

Since flx} is 2 polypomial, the domain g all real

numbers x.

L4
55. M) = -

Domain: Al real numbers except 7 = O

57. 1 L‘{\} = ‘3/;%—“"};

Diomain: all real numbers

59, gixy = ir - -

Dromam: All real sumbers except

givh T

v— 18>0
v o= 10

Domain: all v > 10

Ix =
-3
T

thy
L

flxh = glxy
b+t =Te 3
o B b6 =
fr — 3Hx — 2y =0

=3 ooy ox o= 27

54, gixl = 1 — 2¢°

Because plx) s @ polynomial, the domain 1 all read
mumbers x.

NNNNNNNNNNN

5%, fl = ¥+ Aot x = b 3 2 0

Domain: £ € ~3or x> G

&4, hixy = T

Mxr— 20

o

The domam is all vead numbers x ¥+ Jand x #

N .
62, flx) = “\f"émr"m. x & 6 = 0 for numerator, and
+ x

x F — 6 for denominator, Domain: x> 6.

pi

® Houghton Mithin Company. All rights reserved.
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Section 1.2 Frnciions 19

=) 3
Domain: [~ 2, 2] Diomain: 2l real sumbers
Range: 10, 2] Range: | 5 v
65, plx}) = |Zx + 3] 66. glx} = |x — 3]
G ey B e mﬂmg
R ’ A
ig\ ‘\\ /:
A /
™,
" 5 " 4 . 4
Domain: (— oo, o0} Domain: all real numbers
Range: [0, oo) Range: v 2 0

&7, flxp = x* 68 ) = — 3
H=2, 40 (=1, 10,40, 00, (1, 1), (2, 4)) =20, (-1 20,00, =33, {1, -2, 2, 1)}

ﬁ
|
[
o
i
o~
R
e,
&
J—
"
|25
e

{2, 3);

i . ' .
Ti. A = bk, in an equilzteral wiangle b = 5 amd:
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T3, {8} According to the table, the maximeom profitis 3375 for x = 150,

(b} o Yes, Fis a function of x.

ook ...,
3

{cy Profit = Revenuwe ~ Cost

= {price per unitinumber of units} - (cost}{number of units}

= [90 — (x - 100)0.15)] — 60x
= {105 — .18 — 60z
R N G,iﬂx?‘,‘ x > 108

. 130, x =
43 — 0.15%%, 1 » 10D

74, (a) From the table, the maximum volume sesms to

be 1024, corresponding o x = 4.

{h:} hue]

G

Yes, Vis a function of 1.

75. A = Ybase)(beight) = fxy,

{cy V = length » width » height
= {4 — Ix24 ~ Zxix
wm {34 Dxp = 4x{i7 ~ x1?
Domain: § = x < 12

(.é} 1200

The function i a good fit. Answers will vary,

Since (0, v1, (2, 1) and (x, §) all Hie on the same line, the slopes between any pair of poinis are egual.

Loy 10U

-0 Z—x

e
T D
R ST, 2
¥ 2—x x=2

The domainis £ > 2, since A > O

T6. A = -ow s (Zuiy = 2xy

Buty = /36 — x, s0 A = 2x./36 — 5% 0 < x < 6

© Houghton Miffin Company, Al rights reserved.
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Seceion 1.2 Functions i1
77. (a) V = (length){width}(height) = yx* TR, (a) Cost = variable costs + fixed coats
But, v + 4x = i, ory = 108§ — 4x, O o= 19.30x - OR 060
Thus, V= (108 - 4uix? (b} Revenue = price per unit = number of units
Simeey = R - 4y > 0 R o= 1798
dx < TOH (¢} Profit = Revenne — Cost
¥ 27 P = 179% ~ (12.30x + 98.000}
Promain G < x <« 27 Foe= 568 - 9R 0006
{13} TR .
P
S
/ \
/ Y
B T =
{c} The highest poent on the graph occurs &t
= [ The dimensions that maximize the
volume are 18 x 18 » 36 inches.
Te, The domam of ~ 1970 + 2637 £ »r 2 12
The domain of 8.5055% ~ 1d7x + 63181 £ x € &
You can tell by comparing the models 1o the given data. The models it the data well on
the domains above.
B, FI8) = 0.505(5%) - 147(5) + £3 = 1575, which BL flity = —197001) + 263 = 4.63
means 311, 573 m monthly revenue. . .
neans 31 n monthly revenue 4630 in monthly revenue for November.
L. The values obtained from the model are s close it for the actaal data,
¢ e , .
‘ im0t + 758+ 8T, 0<% 6
830 =400 + 672, 6 <1< 13
ro= O corresponds 1o 1990,
G i 2 3 4 5 5 7 & g Hy 21D 12 113
Model ¢ 577 | 647 704 1 749 1 782 | 803 | 811 | 846 0 BT1 ! 896 0 921 ] 9461 9T 994
%4, (23 R = (ratei{number of people) (b}
= [8 — 0.05(n — 80} n a GO L0010 20 1300 140 150
. 240m — n? i Rin} [ 6751 700 | 7151 720 1 7151 700 | 675
= (12 - 0050 = 2T 5 80 r) ) 67
20
@ s The revenue incraases, snd then decreases.
L -
/ m\\ The maximum revenue occurs when n = 120,
. {i \\s
. k‘}
/ g
E] N 50
a7

The maximum occurs at n = 120
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BE. (a) Fly) = 149.76./10y%*

¥

5

1

26

30 40

Fy}

2.65 » 10°

150 % 107 1 B4T x 10°

233 % WP | 479 % 108

{Answers will vary.}

Fincreases very rapidly as v increases,

(b sooms

/

=3

i
&

86, (a) f(2000) ~ 145.6 billion dollars

. fl2004) — F(1995) 221 - 722

) o004 — 1995

i;-

(¢} From the abie, v = 22 ft (slightly above 20} You
could obtain a better approximation by completing
the 1able for values of ¥ between 20 and 30,

{d) By graphing F{y} together with the horizontal line
ya = LOOGONG, vou obtaln v = 2137 foet

== 1.5 billion doliars/vear

This 19 the average vearly change from 19935 and 2004,

() ;

5

6

-

&

9 1 133

iZ 13 i4

Pl

724

1.6

94.1

1091

126 11144.61 163.9] 1835120272210

The model approximates the data well.

&7,

89, flid =2 —x+ 1, fi2)=3

FO R - F (24 RE - (2R3

i

h

At 4pE R - -h+ -3

K+ 3R

k

=R+ 3, h®0

88. g} = 3x — 1
ol + by = 3x + kb= x4+ 3
gl + hy — ploy = Bx + 3k — 1) — B3x ~ 1) =34

{x — plxt 7
B_L_iff;;m,éi{ﬁ = % =3 k%0

@ Houghton Miffin Company. All rights reserved.
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23

$6. flx) = x + x
fx+ =+ hP +ixth=2 4 387% + 3h” + 05+ x4k
fly -k By — flxy = [ + 3% -+ b b B b b B O x)
= Apth 4 Al B4k
= h{3x® 4+ dxh - B+ 1)

Fle o hy = fle) h(3x% 4+ 3k + B2+ 1}

= 3y e ek b B2 e "
A ; At b Axk B+ L A0

e
.l
S
i
-.._)§
c
i
bl
Il
k| e

8L+ o T-x -
2+ Wx =) 2k Dx-7 2+t

i~ 7

§3. False. The range of flxis [~ 1, ool &4. True The first number in each ordered pair
comresponds (o exactly one second number.

2ok w0

95, £ =1, T 96. flx) = f o
A EAE

R x> 0
Fi —x X =2 2, x5t

97, flxy =14, 2<wx<} 98, fla) = ¢ 1, b x4
k}: +i oxz 3 15~ x, x4

9, The domain is the set of inputs of the function and the range 18 the set of corresponding owpuls.

I An advantage of function notation is that it gives a name o the relationship so 1t can eastly be
referenced. When evaluating a function, you see both the input and cutput values.

_ J- 4 12x 20
x4+ 2 x4 7 x -+ 7

“}2. . - i = :'; - ‘ -
Wb =20 xt b4y -5 (xb SHx -4 le v 5He - 1)

7 Ix — 1} N xlx — 4
fv 4+ 5y — 4¥e ~ 1] (x -+ 5y — 13y — 42

3X -3+ AX"E g X.z S 3

Tt S - 4l - ) (x+ S)x - dix - 1)
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103 26+ 1l — 6 x b 10 222 A4 1ix -~ Gix + 10
' Sx x4 8x - 3 Sxllx — 1Mz + 3
B {3 — Ve + 6}{x + 10)
8(2x — 1ix + 3)
i) [ L) R §
sy FFhy
X+ 7 x =7 x+7  Hx—9 x+7

TPy s Sl Tpy R

Section 1.3  Graphs of Functions

H

You should be able to use the vertical line test for functions.
1
]

You should know that fis
(ay Qdd i fl—x} = —flx}.
(b} BEven if f{~x) = flx}.

You should be able to determine the domain and range of a function from is graph.

Ve should be able wy determine when g function is constant, increasing, or decreasing.

You should be able to find relative maximum and minimum valoes of a function.

Vocabulary Check
1. ordered pairs

4. munimum

2. Yertica! Line Test

5, greatest integer

3. decreasing

&. even

1. Domain: Al real numbers
Range: (o0, 1)

Flop =1

3. Domain: [—4, 4]
Range: 0, 4]
o) =4

5, flx) = 2x? + 3

7

1

Domain: All real numbers

Range: [3, oc)

2. Domaine ail real numbers, {(— oo, 00]
Range: all resl mumbers, {— oo, oo}

floy =2

£, Domain sl real numbers, {— oo, oo}
Range: [ 3, oo)

floy = ~3

Pomain: {(— o0, oo}

Range: (~oo, —1}

Domainixy ~ 1 2 0 = x 2}
or |1, oo}

Range: [0, o)

® Houghlon Mifflin Company, All rights resarved.
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e PHILJT NG WHIHH LAOTDPREY. Al NYTHS Tesernved.

42 =AY = 2

15
N
E=S
:
o1

Domain: | —2, 2} 'ﬁ N p

Range: {0 2]

—t, Domain: Al real sumbers Daomain: {00, oo}

s 2 Range: [0, oo Range: {—ae, 0}

fay Dhowmain: all real numbers

by flixy=xt ~x—fmlx—-3}x+2}=0 =2 x=73 -2

(e} These are the x-intercepis of £

@ 70 = -6

(&) This 1s the v-intercept of £

(r Fl1y =17~ 1 ~ 6 = ~§& The coordinates ave (1, —6)

(g} Fi—3)= (-1 —(—1) — & = —4. The coordinates are (— 1, ~ 4},
thy -3} = (-3 = (=3} —6 =6 {=3,f-3}=1{-3 65

(by Flay == &% — dx = xlx? ~ AV oyl ~ 2Hx + 2 =0 = x =0, 72
{c) These are the x-intercepss of f

@ Floy =9

{ey This is the v-intercept (and x-irgercept) of £

4y F{1y =1 — 4 = =3 The coordinates are {1, — 3},

(o Fle1h = — 1 — 41} = 3 The coordinates ave {— 1, 3},

By fI=3) = (3P —~ 4{-3 = -27 + 12 = =15 (=3, f(-3}) = {~3, — 15

{ay Domain: all x

By~ ~2=0 = [x-1=2 = x=-13
{0} x-intercepts

(i flo) =10~ 11 - 2= ~1

(e} v-intercept
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14.

=0
x>0

X+ 4,

) e
f{}:f {4 - JC"?,

{ay Domain: all x

by fly=0ifx=—4 ot x=2
(¢ x-intercepts

(d) Fl0)=0+4=4

I =

. g‘ S 7}‘)5-5

A vertical Hine intersects the graph just once, 50 ¥ I8
- . - i
a function of x. Graph v, = 327

17 5%+ y?

ig.

21,

25,

A vertical Hine intersects the graph more than once,
so y is not a function of x. Graph the circle as

Fis increasing on (— oo, 90,

foh =0 - 32+ 2
fis increasing on {—oo, 0} and {2, co).

Fis decreasing on (0, 2}

- f: {f} e /:g

{a} g

-2

(by fis constant on {~ oo, 20}

floy = 27
(&) 8

=y

(b} Increasing on (0, oo}

Decreasing on {— oo, {1}

{g} y-intercept

{£)

B f-D =D +4a=3
() f(=3)= -3 +4=1

i6.

8.

20.

ZZ.

flil=4—-12=3 (1,3)
(-1 3

(=35
P Sl ‘;2 w frersod v = e _\[;M::w?

v is not a function of 2. The vertical line
x = 7 intersects the graph twice. Graph
B E Tand g, = = VE L
o= Dy b

A vertical line intersects the graph just once, 50 ¥ i
a function of x. Solve for ¥ and graph

xt 41
Y R ————
2x

Fla) = o —

The graph is decreasing on (— oo, 2} and increasing
on {2, ool

f) = T

The graph is decreasing on (- oo, — [} and
mereasing on (1, 0o}

. Flxl o=k

(&) ¢

S

#

&

{h) The graph is increasing on (~ oo, 20}

26, flx) = — ey

{a) ;

T~

(B} The graph is decreasing on (0, co).

© Houghton Mifiin Company. Alf rights reserved.
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Section 1.3 Graphs of Functions 27

X7 flar = xx + 3

31

(a} i

/

p=

-3
{5y Increasing on (—72, oo}

Drecreasing on {3, ~ 2}

9 g =+ 1 b e 1

fa} g

z&\ /
x

St

2

{6y Increasing on {1, oo} constant on (—1, 1},

decreasing on (oo, — 1)

flxy = ¥ — 6y

Relative minimum: {3, -9}

I

7

Maximum: (2.67, 3.08)

o
B
Bust

1 %)

(b} fis decreasing on {—~oo, T

3. Flx) = e =4~ e+ 1

{a}

/ N\

/ 5

&

(b} The graph is increasing on {— oo, —4), constant
on {4, ~ 1%, and decreasing on {1, ool

32 fley = 30 - 2 - 3 33 v =20 e 3 - 12

g Relative minimum: (1, — 7

Relative maximum: {— 2, 20}

—_—_—
frcnes

Relative minimum: &
(.33, —3.3%)

38, hixp = (x — 1%
Felative minmnumye (033, - 038
K

/

{0, 01 is not a relative maximum because it ocours at
the endpoint of the dormain [0, oo}
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37, fle) = P - 4x — 5

iy

/

13
Minmum: (2, ~ 9

{oy Answers are the same.

38, flx) =~ Jx

Relative maxinun (-~

Redative minimuon: (1, 7
(by Relative maximum: {—

Relative minmanm (1, -

(¢} Answers are the same.

RBelative mindmume {1,

{0y Relative munimnre {1, 2

(¢} Answers are the same.

Relative minimun 12, —
{b) Relative minimam: (2, -

{oy Answers are the same.

I
7% Relative maximum: (2, 4]

7 Relative minimun: (0, 0
) by Relative maximum: (2, 4)
-7 Retative mintraum: (0, 33

{¢) Answers are the same.

43, flxy = 8By — 457

4
X
-2 Relative maximume: (1, 4}
2 () Relative maximum: (1, 4}

{cy Apswers are the same,

B Houghton Mifflin Company. All rights reserved.
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x+6, xg -4
\ 4 A

X
FN SR P A

44, flx) = %

fropwe x

ke
[
o,
P
Mot
i
P
\i
:
=y
ot
s,
g
e,
il
i,
[T
-4
[
o e
I A
-
st
[

[

x + 5, X% 3 ‘
Zx 4+ 1 L - ) R !
B =2 3exci 4 gy 2Tl e O AN
Sx - 4 ¥z | -l x> SIS PO

-
ot ¥
4 -
_1 . -
vl
R
5L fl0) =[x+ 2 52, fix) = [ - 3 83, )= Ix - 1+ 2
; !
§+ o 2k Lt 8 .
5+ [ ] j - e 4 el
4 G i e L o)
3 ey R A I S
2 3 3 B Z L )
o N el Y 2
et i x L ol o
& 4 -1 4 30 & B 3 R T4 3
P 34 Guath g Lo
B 3T w5 . oy 5
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4 Bl
BT
i 2]
| ety
3 ‘Mﬁ;c'
ol
Gy
PR

ko)
;
. P A .f/ :‘,‘
i
Domain: {— oo, oo)

Range: (0,7}

Sawiooth pattern

Fis evern.

The funciion {5 odd,

&6, Recanse the domain is 5 2 6, the function is penther 47, {-

even not odd

{ay I fig even, another poing is

(b U fis odd, another poing is i% 75

64, f

P s DA A

Fis netther even nor odd.

Domais (oo, ool
Range: {11, 2}

Pariern: Sawtooth

gl=x) = (=x}* — 5(~x) 62, hix) =2~ §
R T Bl xy o [ p)F - 8
- ghx} R
g is add, # hix

g - flxy

The fanction is seither odd
T OV

T )4 {S}
# —flx} The function s oven.

The function is neither
even nor add.

a3 I {15 even, gnother point 18|

by H fis odd. another point 15 13,

69, (4. 9)
{ay H fis even, another point is (~ 4, 9).

(b} I fis odd, another point is {—4, — 9}

& Houghtor Miffiin Company. All Aghts reserved.
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Section 1.5 Graphs of Funcrions 31
T8 (5, 1) i {x, v}
(a} M fis even, another point js {3, — 1} {a) If fis even, another pointis (~x, —y).
{by I fis odd, another poinpt is {—5, 1L ¢y i fis odd, another point is (—x, v}
72. (Za, 2o) T3 flx) = 5, even
(a} M fis even, ancther point is {—2a, 2¢). = o
{by H Fis odd, another point is {— 24, — 2¢). ﬂ
i j
74, Flx) = ~9 TE. flx) = 3x — 7 is neither even 76, Flx} = 5 — 3x is neither even
Fis even. por odd. nor odd.
’ 5]
. : f/
& I &,'
]
& , [
i -
o
T1. hix) = 1% — 4, even 8. flx) = —x* ~ & is even. 79. fbx) = /1 = x is neither even
X i nor odd,
L .L.\,.\g_ﬁ.{_.?i*“_ . 15 & 3
s%‘\%/ —
-
! ! %W Sl
NNHMWWWT mmmmm o "
86 ol = ¥t — | is peither even 81 fix} = x + 2| is neither even 82. flx) = —ic — 5| is peither
nor odd. nor odd. evern nor ood.
4 K ]
e A -3 v !m
O Vet LN | J
g— N
B3, flx) =4 — x> ! 84, flg) = 4x + 7 g
42 x S fly =0
(—oc, 4 4x+2 320
4x = —2
: X o= “““1
P :
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5. iy =2~ 920 s 86, flx) = &~ dx ;

oz g . Flxiz 6
¥z 3 or x5 3 N ’ - dx 2 0
I3, 00} or (—20, ~3] e -4y = 0
(— e, 0L [4, 50}
-
7. (ay The second model iz correct. For ingtance, (hy

cff) = 105 ~ 03[~ - 1]] -

= 1.05 - 038l = 105, i e

The cost of an [B-minute 45-second call 1s
CA185) = {1875 = 105 ~ 038[[~ (1875 -
= {05 - AR 17 75] = 1.05 ~ 0380~

88, Model {Towml cost) = (Flat rate) + {Rate per poand) ¢
Fabels: Towd cost = ¢
Flat rate = 9.80

Fate per pound = 250x], x> O

Eguation: € = 980 + 2500 x > 0

T T

{im ponends)

89, h = top — bottom BG4 == wop — bottom
==yt dy 1) 2 = 3 - {4y x5}

U S R SR T S S 3 4y o

Y

14

X % b

@1, PO = 01087 — 02118 0 0408 + 7.9 + 1791

fay e (b P is increasing from 1990 {f = 0o 1995 {1 = 5.7,
el and from 2001 {r =~ 11.8) 10 2004, P is decreasing
P from 1995 to 2001,

e i)y The maximum populaion was about 1R21.000 0
iTea 1968 (¢ = 571

@ Houghtor Mifffin Company. All rights reserved.
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92, Imterval  Intake Pipe Dirainpipe ] Dirainpipe 2

[0, 5] Open Closed Closed
(5, 18] Open Cpen Closed
(10, 20] Closed Closed Closed
20, 30} Closed Closed Open
[30, 40] Open Open Open
[40, 43] Open Closed Open
[45, 501 Open Open Open
[30, 601 Open Upen Closed

43, False, The domain of flx) = Vel is
real nombers,

9%, ¢ o6, d

101 j{}:} T s I*’EZH s Ay ]X"j”n E

the get of all 94, False. The domain rmust be symmetzic abowt
the v-axis.

7. b 98, ¢ 9%, a o 1

o F o +oax

A=xd =gy - b, (=2 b gxP 4 gy

=y, ;xf".n - Dy I):Zn

Therefore, flx} is odd.

“

W fld s oa,, Lx¥TR 44

Flox) = a0 & ay, (=}

I

= g XM o, M

fi

Flx; thus, fix) is even.

F=x)

3. fis an even function.

(a) glx) = —flx}is even hecause

glx) = ~fl—x} = —flx) = ¢

(cy glx} = Flx) — Zis even because

P =g — g = —flx)

{by glx} = f{—x}is even becanse
{x}. gl = fl—{—x}} = flx} = fl—x} = g(x}

(dy glx) = —flx — 2} is neither even nov odd hecause

pl-xy = fl=x) = 2= floy — 2 = glxh glxp = = flmx = 2y = = flx + 2} % glx} nor

164, Yes, x = v2 4+ | defines x a5
a function of v, (But not v as
a function of xy

107. 247 + 8x
Terms: — 2, &x

Coeflicients: —2, 8

— glx).

165, No, x? + y* = 25 does not 106, Answers will vary.
represent x as a function of v,
For instance, (—3, 4} and
{3, 4} hoth lie on the graph.

108, Terms: 3x, 10 109, 2~ 557 4 o5
Coefficient: 3

L4

e |
Cosfhicients PO



Chapter [ Functions and Their Graphs

1ie

11z,

1i4.

o i /{t % e :‘\‘:‘ ' {'.é R - 1‘32 ......
. lay d o= VAR 2‘} e )

Terms: Tx* o 2x?

Coefficient: 7. /2

fay d = J(— 5§ = 37+

(b mudpoint = (

by midpomt =

(&} o \* E £y ‘f : i% 5

/ - ..
{(h) midpoint = |

) = 5]

() fi6} = 3(6} = | =29
by fl—17 = 5{~1) =~ § = ~§

119, flx} = 50 -

f3ER) —f3) U2 4R+ 12— 12

ik

(ay fl—a) = —U—4ll=a + 1] =23 =6

~3I0)|10 + 1] = = 5(11) = ~55

(by Fl10} =

+ 4

. now ol 40k F O

© Houghton Mifilin Company. All rights reserved.
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Section 4 Shifiing, Reflecting, and Stretching Graphs

35

124

flay =5 + 6x — x?

b

~ 6k + 5

s

FU6 + Ry = 5+ 6(6 + i} — (6 + b = 5 + 36 + 6k ~ {36 + 12k -+ b2} = -
j{ é} me A Wé} - g:}j?. w4

o+ 6) ~ FI6) (—f = 6h+ 51— 5  h—h - 6

i e P - e 5 R a, Y

Section 1.4 Shifting, Reflecting, and Streiching Graphs

. aned be able 1o reproduce

o

You should know the graphs of the most commonly used funciions in algeby
them Gn your graphing uiility,

(a3 Constant functionm flx) = ¢ (b} Henmy fupction: flx) = x
v} Absolate value funciion flap = |x] {d} Souare root function: flx) = Jx

gl

{e} Squaring function: flx) = & (fy Cubing function: flx}
You should know how the graph of a function is changed by vertical and honzontal shifis.

Your should know how the greph of a function 18 changed by reflection.

You should know how the graph of 2 function is changed by nonrigid wansformations, like stretches and
shrinks.

You should kpow how the graph of a function is chenged by a sequence of ransformations,

Yocabulary Check

1. guadratic funchion L. absolute value function A ngid wanslormations
4. o fleh flexg Eoeox Lo ol . o(ay i (b iv (Y M (dy i

filxd I3 { st} B
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. “ y
i
i 4.4 ' 6 N -
it 4. 4) | o N
| i
| t X
| 5
R ES
| x
<

Wy sy (&) y = 2f(x) (£ v = f-x)

. }I

() Let glx) = flie) Then from the graph,

2l0) = fHO)) = flo) = —1 ]
22y = M) = =0

g(6) = FlHO)) = F3) = 1
2l8) = f3(®)) = 4y = 2

@ Houghton Mifflin Company. All rights reserved.
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Section 1.4 Shifting, Reflecting, and Streiching Graphs ¥

by S

(3,4}
Fus
3
(5
X A
4,0y
¢ friamdpe 3 g
73 3 2 z -3 ! i %
S oaeen 13

{dy : (e} v (£}

3 (Z 4}
o .
i i
- Fin
-1

(e} Let glx) = f{2x). Then from the graph,
gl=1) = J(~1) = f(=2) = 4 BN
£l0) = £} = F0) = 3 A
gl3) = f2G)) = sy = 0 !
g} = 2} = 13y = 1 ———
13, Horizontal shift three units 1o 5. Constant function: y = 7 17, Vertical shift one unit
eftofv s ooy o= x b 3 {op downward of v = £

vertical shift three units upward) y o g - 1

18, Horizontal shift of v = x| 0y == |

19, Reflection m the v-axis and # vertical shift one onit
." .’an
gpward of v = i oy = 1~ U

20, Reflection i the r-axis and a vertical shift one unit 21 v o=~ Jx ~ Lis flx) reflected in the raxis,
upward of vy = 2% y = 1~ & followed by a verdcal shuft one unit downward,

22y = S+ s Flxp = U'x shifted verticaily 23, v = Jx ~ Zis f{x) shified right two units.
upwards [wo snis,

24, v = o -4 iy fly) shifted left four units. 25,y = 2.0 s a vertical streteh of Fleb = Jx

26. v = =i+ 3is f{x) reflected in the v-axis, fol- 27. v = {x -+ 5l is flx} shifted left five units.
lowed by a horizontal shift 1o the right three units.

28. v = |x] — 3 s fl) = |x| shified down three units. 28, v = x| is flx) reflected in the v-axis.

31 v = 4ixl is a vertical streteh of fix).




38 Chapter I Functions and Their Graphs
b e . . A 3. ‘ .
3.oy= 5 = 7txl is a vertical shrink. 33 glx} = 4 — x* is obtaned from fix} by 2 reflection
m the x-axis followed by a vertical shift upward of
four unis.

34. gix} = —{x — 1} is obtained by 4 horizontal shift 35. Blx} = Hx + 2% is obtained from flx) by 2 left
of one unit to the right, followed by a reflection in shift of two units and a vertical shrink by a factor
the x-axis. of §

36, fixh = 20 - 1P 4 3 g obtamed from fx) by a 31 oplxy = {%z} + 2 15 obtained from flxy by a
right shift of one unit, g vertical stretch by a factor horizontal stretch followed by a vertical shift
of two, a reflection in the x-axis, and a vertical shift fwer upits upward.

38,

39,

44,

41,

4z,

thyee units upward.

plx} = [3(x — 2}F is obtained from f{x) by a right shift of two units, followed by
a vertical stretch,

flxp = xF — 3a7 : i
E h
glx) = flx + 2) = (e + 2P ~ 3x + 2isa ; f u
horizontal shift two units wo left ' /) g‘ ,{
3 L T
Rix) = () = 3% — 3x%) is a vertical shrink. =
flxp=ux — 32+ 2 4 _
i

gl =fx— = — 1Y -3k -1y +2 f;j’?
ts & horizontal shift one wnit o the right. - }f W #
By = F30) = (32 — 303x7 + 2 s
is & horizontal shrink.
Flxi = x = 357 B

' \ P ) "?E I}T
gla) = —3flx} = —30 ~ 3% reflection in the s-axis and vertical shrink | IE 5 -~ T

Y s o : ! i
By = fl-x) = {—x)® — 3—x} reflection in the y-axis A \t@ S
Fry =2~ 35+ 2 43, fay fix) = x*
gixd = —fle) = {5 — 37 + 25 (by glx} = 2 — {x + 55 is obtained from f by 2
is & reflection in the x-axis. horizontal shift 1o the lefi five units, a reflection

- - in the r-axis, and a vertical shift upward two
Bl = f(2x) = (207 — 3(2x) + 2 e - ‘
is 2 horizontal shrink. o
(o)
& 3 +
d

© Houghton Mifiin Company. All rights reserved.
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Section L4 Shifting, Reflecting, and Strerching Graphs 38

44, (a) flxy = x°

45, (a) flx) =

(b gle) = + 101 £ 5 is obtained from by (b ghy) = 3+ 2Ux ~ 41 is obiained from 7 by 2
h(}ru{mm zift 10 units to the left, a reflection horizontal shift four units to the right. a vertioal
in the r-axis, and a vertical shift 5 units upward. streteh of 2, and a vertical shift upward three

.o UTHES.

€}

f\ 4 {ch
s fesm w i

(@) gle) = —flx + 10) + 5

46. (a) flx} = x7

(by glx} == —lx -+ 27 — 2 is obtained from by
%m;mmm% shift two unitg W the left, 2 vertical
shrink of ¢ 4 a reflection in the v-axis, and a
verticah shift two units downward,

48. (a) flxy = &F

by gly) = %(2 4 117 is obtmned from fby
a horizontad sl one upit {o the Tefi, 2 vertical
shrink, and s reflection in the raxis.

e .

(edy gloy = 3+ 2f(x — 4}
&7, (ay flx} = x°
a By glx) = 3x ~ 2)7 is obtained from f by ¢

horizontal shift two units (o the right f@EIe}w&d
by a vertical stretch of 3.

fo)
2
(y gl = 3y — 2}

4%, {ay f (x} = ¢

by gher = (x — 1P & 2 15 obisined from f by a

Eird t o
hortzontal shift one amt to the right, and a
vertical shift upward two units,

(o}




46 Chapter | Functions and Their Graphs

B (a) flay = 10 81, (ay flx) = |«
(by glx) = —{x + 39 — 10 is obtained from /by by pla) = bx + 41+ 8 is obisined from fby a
a horrrontal shift 3 vnits 1o the left, a reflection haorizontal shift four units to the lefi, followed
in the r-axis, and 2 vertical shify 10 unis by a vertical shift eight units upward,
downward.
¢}
() ’

(@) glo) = flx +4) + &

B2 (&) flx) = |x] 5% ) flo = |xl
() glx} = (x + 31 + 9 is obtained from fby a () glx} = —2|x ~ 1] ~ 4 s obtained from fby a
horizontal shift three anits o the eft, followed horizontal shift one unit to the right, & vertical
by a vertical shift aine units upward, siretch of 2, a reflection in the x-axis, and a

vertical shift downward four units,

z

s i D468

() glx) = flx + 3) + 9

(dy glxj

5
s
w1

54, (a) flxt = |x] - da) flay =

by glx} = 3Le ~ 2| ~ 3 is obtained from fby a (by 2{x) = —4/x + 3 — [ is obtained from fby a
hortzontal shift two units (o the right, a vertical horizontal shift three units to the left, a vertical
shrink, and a vertical shift three onits down- shirink, a refiection in the r-axis, and a vertical
ward. shift one unit downward.

(3 ¥ 9

- ;

* —t d deipe 5
s,
_3 4
4 -
-5

(@) gla) = 4flc = 2) = 3 (d) g} = =57l +3) = 1

B Houghton Mifllin Company, All rights reserved.
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Section 1.4

Shifting, Reflecting, and Stretching Graphs 41

56. (a) flo) = Jx

6l

thy gley = — /2 + 1 — 6is obtained from Sy
& horizontal shift one unit {0 the left, a reflec-
tion in the v-axs, and & vertical shift six oniis
downward.

{c}

7

(o3 M) = 3237 + 3760 » 10,000
3232 » 6231

-

192.91

£ 138

W

The debt will exceed 10 willion dollars in 2003,
-G g g 4

(dy Gl o= M+ 101 = 3230 + 10F + 3769,
G = M(I0Y corresponds 1o 2000,
G{— 10} = M{0) corresponds to 1990,

False. y s fi-~x} iz a reflection in the y-axis.

{ay v = fi—x] iz a reflection in the y-axis, so the
g-intercepts are x = ~2and x = 3,

() v = —f(x}is a reflection in the r-axig, so the
a-intercepts gre v = Zandx = — 3.

{2y v = 2 F(x) 15 g vertical streteh, so the

x-interoepts are the same: x = 2, — 3,
(dy yo= Flx) + 2is a vertical shift, 50 you cannot

determine the r-infercepts.

(ey v = flx — 3} is a horizontal shift 3 units to the
right, so the vimtercepts are x = Sand & = 0,

. (a) Flr) = 33.0 + 627 is a vertical stretch of

Fley = /i, followed by a vertical shift of 33.0.

i PR

a

ey Gliy = Flr + 13) = 330 + 6.2./7 + 13,
—~13 g ¢ <6
GE— 133 = FIOJ corresponds g 1990

GOy = FOLRY corresponds o 2003,

&l False, v = ~ fix}is a reflection in the x-axis,

62, (a) v = fl-x)is a ceflection in the v-axis, so the

ciptercepts are x = and x = — 4,

(b3 vy = —flx}is a reflection in the xaxis, so the
x-iptercepts are the same ¥ = — 1 4,

(¢} ¥y = 2 fix)is » vertical streteh, so the
x-iptercepts are the same: x = — 1,4

(y y= flx) ~ tisa vertical shift, g0 you cannot
determune the entercepts.

(e} v o= flx — 2} is 2 horizontad shift 2 units to the
right, so the x-intercepis are £ = 1 and x = &,
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63, sy v = F{~x}is areflection in the v-axis, so the 64, {a} y = f{—x) is a reflection in the y-axis, 30 the
graph is increasing on (oo, — 2} and graph is increasing on {~2, 1} and
decreasing on {~ 2, ool decreasing on (~ oo, — 2} and (1, ool
(by v = —f{x}is a reflection in the x-axis, so the by vy = —f{x) is a reflection in the caxis, so the
graph is decreasing on {— oo, 2} and increasing graph is increasing on {~ |, 7} and decreasing
on (2, ool on (—aoo, ~ 1) and (2, ool

65,

&7.

&%,

71

73

(¥ v = 2 f{x}is & vertical stretch, so the
graph is increasing on (— oo, 2} and decreasing
on {2, ool

(dy v = Flxi — 315 a vertical shift, so the
graph i increasing on (—~oo, 2} and
decreasing on (2, oo},

{2} v = fix + 1} is a horizontal shift one unit (o
the left, so the graph is increasing on {—oo, 1)
and decreasing on (1, ool

The veriex is approximately at {2, 1) and the graph

opens upward. Maiches {¢}.

The vertey is approximately (2, —4) and the graph
opens upward. Matches (¢},

By + 2
Stope Ly —-—‘—}v—‘-w— =7
G-3 3

Weither parallel por perpendicular

Domain: Ally + ¢

Domam:
W0 -2 20 = ¥ 2 1 = 10 €y =

144
e
oy

T

(cy y = % Flx)is a vertical stretch, so the

graph is increasing on (o0, ~ 1} and (2, oo},

and decreasing on {1, 2}

{d) v= —flx — 1}is a horizontal shift and

reflection. so the graph s increasing on {0, 3)

and decreasing on {— oo, 0) and (3, oo}

{2} v = flx — 2} + 1 is a horizontal shift 7 onits 1o

the righr, and & vertical shiff, so the graph is
increasing on {— oo, 1 and {4, oo, and
decreasing on (1, 4}

The doman is [0, — oo} and (3, ~4) is
appreximately on the graph, and Flx) < O
Matches (¢}

The graph of fis y = 17 shifted to the left
approximately four units, reflected in the x-axis,
and shifted vpward approximately two umits.
Matches (b

Slope £ Z“‘"“}”:E‘} = 2
AR S ¥
Slope Lo :EMT """" E" = ““““*:,; = 4

Meither paraliel new perpendicolar

Domain: all real numbers

@ Houghton Mitflin Company. Al rights reserved.
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Sectiem 1.5 Combinations of Functions

43

Section 1.5 Combinations of Functions

8  Given two functions, fand g, vou should be able 1o form the following functions (if definedy
Sum: (f+ pix) = fl + gl

Difference: {f — giix) = flxy — pla)

Product: {fglx) = fixielx)

- Guotient: (f/gilxy = fay/gle, gl = 0

Composition of f with g: {f o g¥ix) = fle(x)

oE W

Composition of g with £ {g - FHx} = g{Axh

Yocabulary Check

b. addition, subtraction, multplication, division 2. composition
3 glx) 4. inner, outer
§ 2* ¥
4 - 4

i flxi=x+ 3, glai=x -3
(ap (f + gl = fle) + glo) = (2 +3) + {x — 3) = 2
(53 (F = )0 = £ — g(o) = {x + 3] — (x ~ 3 = 6
() (fe)l) = fladgl) = {x + 3x ~ 3) = x>~ 9

(i {i)(x} = fl x+3 73

glxy x— ¥

i
V&

.

Domain: all x # 3
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h

fay if v = x5+ 1 —xw x4 i) i“-«;)é‘)"'} :

)
i
B
e

L
\'M{4

e

e

LA

.
et
f
-
e

Domain: |- x # 0

(e} {fgdeh = (2x ~ 51 — &}

.

Bromatn: all x5 L

Domain: oo«

oy ...L.,
L flag = e

Domain: x # 0

Domain: & - <

& Houghton Mitflin Company. Al rights resarved.



@ Houghton Mifftin Company. All rights reserved.

Section 1.5 Combinations of Functions 4%
12, flx} = I glx) = 1
‘ x x4t i [Fy ¥
fay (F + oy}t = — e e 3w DT 3y [ ) = e g
(ay (f + g)la) P T (d} [\gz/{ﬁ Tt
o VX s xmxted ¥ 1 i
®) (f = glla) = 7 — 0 = = Txtl o2 2 s
o X m{’iw Dicanain: x # 0, x ¥ — |
© ) = — 2 =
13, (f + 2)(3) = f(3} + 2(3) M (f = g2} = f{=2} ~ gl~2)
= {37~ 1} + (3~ 2} = (=20 = 1) = (=2~ 2}
w84 =g =3 — [~ -2:}“":7
15, {f — g)0} = f(0) - (O] 6. (f+ gi(1) = f(1) + £l1)
=0 1) = (0~ 2) = (1 — {)+ (1~ )
= = i
17, (fgHd) = fd)e(4) 18. (fe}—6) = f{—6igl~6)
=4 - 14 - 2) = (6P — 1}(~6~ 2)
= 15(7} = 35(— 8§}
= 3 = 280
/f_ £ o f{““f’} ifi\. Y. i@ BELF e a3 mm FLTA o T
19 {‘g)g preac 26. ;A)m ) 21, (f - 20) = 128 — gi2y
. {{2 S 1Y (3 - 5
C=5P e 01 (g VP (20 - 2}
o5 3 T = 4T B}
o N
= "3
‘‘‘‘ 24
h 7

22 (F4 g)e ~ 4) = fle — 4) + gle ~ 4

=t —4P - 11+~ 4 -2

=2 - B F 5+ -6

=T+ 9

24, (f2)(30 = 3374
= (327 - D32 — 2)
= (98 - {38 = 2}

= P78~ 1R — 3+ 7

23. (fe}— 50 = f{~Si)g(~51)

= ({807 - (=5 - 2
= (25 = (=51 = 2)

= 1256~ 5082+ ¢+ 2

it

285,

SATER
(£

gl=1
G
- =2
2-1 1-F
= , ¥ -2
-t 2 t+ 37
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@

n

28, = 78, + 3, _

A 2y g
E \\ : . . { ,
oA :
AN al A
3i. [{‘X} = 3X " _v_«-{
- 10
- % Yo ":'- i 5
;‘!lfg i {;’ g,x{r; . 5 b X
L 2
i : 'EE‘ Y i
) ‘\/ Nl o
ira i T
_—
For 0 £ x £ 2, flx) contributes move 1o the it I
magnifude. e
For x > 6, glx} conuibutes more o the magnitude. glx} contributes more (o the magnitade of the

sum for § € x5 20 Flx) conmributes more 1o the
magnitude of the sum for v > 4.

(F + g} = B+ 2 -

R

&

) . o o coniributes mere on both Indervals,
Flxy = 3 + 2 contributes more o the magnitude in g contributes more on both infervals

hoth intervals.

& Houghton Mithin Company. All rights raserved.
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47

Seciion 1.5 Combinations of Functions
35 fla) = 2 gla) = x — | 36. flx) =%~ L gle) = 2 + 1
() (feghn) = flgla)) = fle ~ 1) = {x — 1P {a} éff-g}{x} = flelx)
&) g = fia) = g(f=) = gl?) = & ~ | =S
(© (Fgo) = (0= 17 = | = YT T -

) (g =filx) = 2lfix))
= g{ ‘."':"""1'
TP

s

37. £} = 3x + 5, glad = § ~ x
(ay (foghl) = flgla) = f5 =0 = 35 = x} + 5 =20~ %
W g o fi = glflx)y = gBxr +5) =85 — (3x + 5) = —3x
() {f-gl0) =20

!
38 Sl =00 glny =~
X

i V3

(a) (f=ghlay = flglay = {“3 = “)

\x/
) (g it = g} = gle) =
(C} {f o gHOY is not defined.

39, (&) Thedomainof flx) = Jr Y dwxr+ 420 40 () Domainoffr ++ 320 = x> -3

ofx =z —4. - .
{by Domain of g all real numbers

{by The domain of gly} = 1% is all real numbers,

i Tt o E N {f’. - { e G
© (f =)z} = flele)) = Fl) = JET {¢) Domain of { fo gy} = fg} MRV
The domain of { f « g} is afl real bers,
e domain of {f « g} is afl real numbers R
2
4f. {a) The domain of Flx) = x? -+ 1 is all real 42, floy = % glay = o
numbers. {a} Domainof - x 2 §
1Y The o inof oly = v s Y o . .
(B} The domain of glx) \.,r iy all v = 1 (b} Domain of g: all x
< F s ".X‘ = §f Yo .-’fu“- . PP - PR P
(€ (£ 8)) = 71} = A/} (©) (F+ £)) = Flgle)) = Flx¥) = ()14 = x

=l /P + 1 =5+ = .
[Vx) t=xt+ b x20 Dowmain: il x

The domain of fegisxz 2 O
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&3, {ay The domain of Flx c () 44, (o) Domainoffr all v # 0

oo o by Domain of g0 albx # 0
13 all real numbers.

(b} The domain of glx) = x + 3

(e Domain of (/e gilx} = f‘( 3;} =7 0

(c) The domain of (v gy =

i all x # ~ 3 5 all x o O

45, () The domain of flx} = lx ~ 4] is all real numbers.

ity The domain of glx) = 3~ xis afl real numbers.

) (Foghny =flele)y = f3 = x) = 13 =2} — 4] = |~x ~

i

LS

Diomam: all real mumbers

6, flx o &7 {z) The domain of flx} = £ + 2 is all real numbers.
{

{a} thy The domain of glx} =

by .
(ch g’_f - g,’tuj = j‘g{ﬁj = f‘(

s

fix 1) =

£
(o

Dewnsin: x 9

Dresmaine all v # 1

48, (1) Domain of £ all 5 4%, (ay (f - ) = flgll) =

Diemiain: all 5

() Dowmam of g

(o} Downate of {f s gx) =

{b) } They are not egual,

g ail resl nombers ¥ 4, -2

1} Shoay [f ey

Diomaim: alf x Promain: all x

(g« Filx) = {g ;f?f\;T = i’if{y” = 5 ;

A

The domain of [ o pis all real numbers.

(1 5 _ Thev are egual,

Houghton Miffin Company. All nghts reserved.
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Section 1.5

Combinations of Functions

52,

54,

58,

&7

58.

(@ (fo2)) = (g o f)a) =/ Sx = o1/

Nl = glftal) = () = (270 =

[

Domainc x 2 0 Domain: all x
&) : They are equal, (g
fugmgnf (b 5
T VT
B /
| |
' Fog=gof
(a) (fogila) = flgle)) = fl= + 1) = [~ 42 + 1] (b} ) 4
Domain: all x . | fre
. / .
(¢ 7)) = 87 = s} = ~[«f2 + 1 1\
fegFgof

(ay (feogilx) = flgla) = fld — x) = 5(4 — x} + 4 =24 — 5«
(gofia) = g(f(x)) = g(Sx + 4) =4 — (5x + 4) = —5x
(b} Mo, (= g¥x) # (g iz} becanse 24 — 5x # — Sy,

@) (fr) = flar + 1) =l + 1) — 1] = 4] = x

(g-fix) = gl — 1)) = alie — 1] 4+ 1

(b} They are egual because v = x.

if

ix— 1} + =%

@ (Fo)e) = flgld) = fG2 = 5) = VBT~ 576 = /2 |

(g <)) = glrle)) = o ST T 6 = (/x4 6) -5

={x+6~S5=x+1xr> 6

(b} No, (feoghx) # (g-filx) because 22 + 1 # x + |

@ (Foaid = A¥x = 10) = [T T~ ¢
=+ 10)—4=x+6
(g fix) =gl ~4) = ¥ AT I0= 3716

{b) They are not equal because x + 6 # ¥ + 6.

53 (a) ([ gha) = flgle) = [y = (2% =

They are equal,

T rtety | s
3 24 y
{ 14 -
2 14 - 14
3 G -1 &
x| et |l
-1l - -
& 5 &
i i i
2 i y;
| 3 3 3
© x| ety | atre
0 i -
—-21 V5 -1
3 J10 4
T A | o
-2 4 ¥-2
3 6 ¥e
i 7 7
2 g 14
3 g 233
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&0,

61,

685,

) (Feghled = flglg) = A2 — 1) = {2x = 1) + 3 R AT )

= |2x + 2= 20x o+ | -1 0 7

(g )0 = g (00 = gl + 3]) = 20x = 3] - o 2 5

by No, {f»gix) # (g » /i) becavse 2 + 1] # 2fx + 31 = L

fon

{a} {fogha} = flglxl} = fl—x} = 7 = {c)

W—x) -5 —dx-—5 x| flelay | glrtan

. &
o C 6 6 6 U
{}3’ “_f)i’fa_x} = }&f[ i w ~(~—'—~m-— e -

3 - 5

(b} Thev are not equal because — %_“ T F T “ R

@ (f+ g3 =/ +503)=2+1=3 62. (ay {f = ghl) = fl1} ~ gy = 2~ 3 = 1

ﬁ) 20 (by (fghd) = fla) - gld} =4 0 =0

@ (fo2)2) = flg) = FD) = 0 64. (ay (1> )1} = Flel1)) = #13) = 2

by (g = FH2) = glf(2)) = 20} = 4 B} (g =f)3) = glf(3)} = gl2) =2

Let fix) = x* and glx} = Zx + Lothen (f » g}ix} = hlx). This is not a unigue solution.
For example, if fix) = (x + 17 and glx) = Zx, then (f » gHx} = Alx} as well.

v oand glel = of - 4, then
}. This answer 15 not unigue,

Rixy = {1 — g 67, Let fla} =

{' % TP L . “E ot o a {f o 2:‘{}»}\
e possibility: Let glo} == 1 — x and flaj = = Onher possibilities may be:

(oo = f1 = 5 = (1 = 4 = Alx) ) = ¥

flx

) =

5 = i3

fley = ¥y oand gl =

Lkl = VG 1 89, Let flx) = 1/ and glx) = x + 2, then

(£ogil) = hix), Again, this & not a unigue
selution, Other poswibilitios may be:

Ome possibility: Let gla} = 9 ~ xand flad = Jx

(Fog)x) = f(9 — ) = VI~ x = hlx} :

fix) = e and giry = x

; and glad = x + 1

& Houghton Mifflin Company, All rights reserved,
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Section 1.5 Combinaiions of Functions 51

T hix) = r%m:j—mj, TL Let flx} = x* -+ 2x and plx) = 5 + 4, Then

x4 {f=eiar = hix}, (Answer is not unigue.)
ne possibilivy:

Let glx) = 5x + 2 and f{x) = ~.
o

(foelx} = iS55+ 2) = e

Tho Ay s (r o+ 3P 4 alx 4 30 73 (a) Tl = Rk} + Blx} = fr + 2

. . . r
Let g} = x + 3and flx) = 72 + 4072 P2
; T
. . . W
sf ;7}{_';;} Ee 5{2{;)5}} }"{x S 3} Ix/::;,,, P

= flx) ¢

(Y Blx) comributes more to Tla) at higher speeds.

74; {3\3 Qq = f{f i ’{?,‘2
= (480 Br — 0877 + (254 + 0,781
i 7{%4 - 722{ — {}gg.’ pow {} 1‘ 2? :%H 4? 5§ 6

W.wmmmm_.}a .......

A
mmmﬁg- ‘‘‘‘‘‘ —
et S—
3

Year | 1995 1996 | 1997 | 1998 | 599 | 2800 | 2001 | 002 1 2003 | 2004 0 2008
Pt 1028 1742 1 18561 197 2084 5 219w 1 2313 2476 1 254

¥, 140 | g
v, 132587 3428 3644 3906 | 4215 | 457 | 4971 5418 | 5917 | 6450 | M58
vio L4388 1 4753 4979 | 5265 | 5612 602 | 64R8 | T0LT | 7607 | 8257 | 8964

76, oo TT. (4 o ril} gives the area of the circle as 3

o funciion of tme.
3 ™
e ¥ ¥ 4 LAY 3%
;W WWWWWWW Mf:; LA = rHe = Al
) e e a—— = A0.60)

. = {6 = 03657
yp represents the total out-ofpocket payments,

ingurance premiums and other tvpes of premiums
i bitlions of dollars.



52

78,

81,

85,

Chapter 1 Functions and Their Graphs

(a) rixj =

[

(hy Alr} = mr
ey (A = rix) = AlHxy

X AL S

A - rrepresents the area of the crcular base of

the tank with edge x.

x = 150 miles — {450 mph){ hours}
y o= 200 miles — (450 mph}(r hours)

79, (1) = 60x + 750

1) = 501

(ay Cixleyy = C(500
= ({508 + 750
= 3000 + 750

It

€ (x(1)) represents the cost after ¢ hours.

By x4y = S0H4) = 200 units

{g) soutw
REFELET ] //
sihesps . ymiftes . g
3060

= 4.7% or 4 hours 45 minutes

2

&= X

(wy (W= THr)

i

N(Tn
N(Zr o+ 1)
- {2+ 1P - 2062+ 1)

i

= 400+ 5490

N o F represents the number of bacterna
function of time,

Ty = 150 — 45067 + 1200 — 45007 = 501620 — 1261 + 25

82 (a) Area = wri #f) = 5251 Hence
(Ao ) = #3251 = 27.5625mt, 120
+ 08 (h} (A = r¥38) = 2756257 (36) = 992257
= 1117 square meters

as & {cy A = 6250 = 27 5625wt =2 ¢ = 722 hours

(bY (N » TH6) = 100137 — 20013} + 600 = 2030

Al timne 1= 6, there are 2030 bacteria,

over $300,000.

B § = 0692p
ey (B SYpy = 092p — 1200
(S - RYp} = 0.92(p — 1200}

False. { f=ghix} = fl6x) = 6x + L but
(g - i = gl + 1) = 6(x + 1)

< g = gl — 300,000 = G030 — 500,000) represents 3 percent of the amount

(dy (B« 518,400} = 15,728
(5 BM18400) = 15824

The discount first vields & lower cost.

86. True. (f - g}x} = Flglx)} is only defined if g(x} is in
the domain of £

& Houghton Mifflin Company. All rights reservad.
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Section 1.5 Combinarions of Funciions

53

87,

B

£

91, g1

H2.

3. 10, 5501, - 55, (2, =7} {other answers possible} %4, Three poinis on the graph of v

Let A, 8 and £ be the three siblings, in decreasing 48, From Fxercise 87, A = 2B and B -
age. Then A = JHand B = O + 6, Cms
& (ay 2B

(a) A= 2B =200C+6) = ¢+ 12 o

(hy if 4 =

Let fixh and glx) be odd functions, and define Alx) = f(x)e{x). Then.

= fxjglx} since fand g sre both even
= hlx).

Thug, ks even.

The product of an odd function and an even fonction is odd. Let fle odd and g even. Then

wghy)

g+ i)

where v 18 even and A is odd.

A TP C s R .
(B) fled = oil? = 2ok 4p 0 08 4 20 0 ] ol = 2o+ 13— (2 2+ 1]
| £
= 51268 4+ 2f ol dx] = [+ 1]+ [ 2]
() i P t[ i 1
o e + e ] e L
e ¥ 2} g b f! AT 1l

are (0, 19,01, =2.8) and (~ 1. ~ 3.2}
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98, | |

{other smswers psbss:{i‘jiﬁ}

@7,

/24,0, (- /24, 0} {0, J24) 96. Three points on the graph of y = ;"-—i"w are

{0, 0, ( HE —) and [ ;}

N g - (=21 : 235 .
¢ e e o e £ 98. yo-- e e f g - I
vy =2 = T {_a’)u (—4)) yoS=TrT i{x i)
y o+ 2= e 4+ 4 y—5= ”%(X oy
----- e — 38 = { )
Iy —x -~ 4 =0
41y [ 3 EATER
R N AU M7 b ; e o= —
v =1} 1@}71/% Y 106 yo b= Tl o}
. 3 R ' 3y
vob o= *i?/é{xwi)w_ﬁ—(‘x_”ﬁ'j 3 ygng_:x
iy + 1} = — 3y + 45 y+x—-22=0

e+ 1y — 34 =0

Section 1.6 Inverse Functions

Two functions f and g are inverses of each other if flglxl) = x for every x in the domain of g and
gL = x for every x in the domain of £

Be able 1o find the inverse of » fanction, i it exists,

i. Replace f{x) with »

. Interchange xand v

B

aﬁwas Fr3t mpms&nt ¥ oasa fmzcmon of x, Ehm f does not Emva 48 iNVerse fmctmﬂ

A Fonction £ has an inverse function if and only if no heritzontal line crosses the graph of f at more than
Ong point,

A function fhas an ipverse functon if and ondy if fis one-to-one.

Vocabulary Check

1. inverse, [ 2. range, domain 3oyv=x
4, one-1o-one 5. Horizonal
1. Flxp = 6x 2. flx) =1z
FHx) = ix flep = 3x
PP = flix) = 6lkx) = x FUF ) = FBx) = Han = 2
FUGD = 60 = e = x o) = ) = 35 = x

@ Houghton Mifflin Comparny. Al rights reserved.
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Section 1.6 fnverse Funciions

55

3. flxy=x+7 4, fley=x -3
Fixy =~ 7 S = a4+ 3
i =+ 3 =x+3~3=x

f ..... j{‘igij} = f !Er o 7} e ‘{}, s 7} 7777 Tz oy ;{ {“C}} = 7{\3: — :3;3 s fx e %} + %oy

@0 f(%} e ’,,‘W " f . if);} _—
g} =4+ 1

j‘{'j ]{ij} = f{“’é\i * ]} = ;‘M“ “““““““ —_ = w-w L

& {ay gl = fi-

. F7 } J
of FF oy e ol o D e 7 T e e T TR et
IARAC o 7( o 3 } 7 5 P

®e |2 6 -2 -4 -8

: —io ]l -3 L4 SRR
Lgla) 2 0 ~2 | -4 -6

Nowe that the entries in the tables are the saine except that the rows are intevchanged,

o : L fdr 49— 8 4y .
1 ab £l hhoms f LAy b [T ——— 3 e == 433
10 (a) flglayd = fldx + §) ) (b N ; B 5 13 1 17

3

x - G ., (g« ‘}x , Flx) 2 -1 0 ]

g

- 20 - 1o
glei i 1 b g 11317

The entries are the same except thar the rows
are interchanged.
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(@) flab) = Ay T8 = [Jx~ 5 +5=(x~5 +5=x
f() =gl + 5= VETH 5= Y=
SR Y T
Fy -2 =3 14 : 6
e =221 -3y 5 6
glxb] ~3 -3 1 —1 0 i

Mote that the entries in the mbles are the same except that the rows are interchanged,

12, (a) flgla)y = f&/2x] NI )

. . .\{ — -\“;// i i T - = x ¥ Y :
h - 2 2 Ty 2 IS T T I N
() = o 2 NEANY Fog a3 0 f | 4

g{f(k:}} Sy (“_T:' B Z\‘ “:; = \:/;” w oy . 2
- } o } i i

X ~4i -t 0 b4
gab] =21 -1 0 | 1| 2

The entries are the same except that the rows
are interchanged.

13 () flgbg) = flB+ a0 = =B L) -8 = -/l = ~(~x) = x

X <0G
[Sincex < 0, V%2 = ~x}

glrh =g~ Vi B =g [~V =g g =

B g |9 12 | 17 1 24
g6 ~1 ] =2l -3 ~4
P G - I L R )
gixyi & G iz 17 34

Wote that the entries in the ables are the same except that the rows are interchanged.

34 f gy T -
14. (a3 flglea)) = ,f[ iw—?g-i—g} = \/ 3{ :L_jmgjﬁ) ~ 0= Y+ 10 - =YY =
e (AT 40 (Gr - 10+ 10 3
gy = o33 — 10} = = e =
3 3 3
O TE s 78T
flxyl -2 -1} 0 t 2
x -2 l=1l 0 |1 2
gy 2o fa R Y e

The entries in the table are the same except that the rows are interchanged.

© Houghton Mifilin Company. All dghts reserved,
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& Houghtor

Secrion 1.6 Inverse Functions

&7

15. flgle) = A3 = (5] =«

P

S —
{

Reflections inthe line v &

19, flole)) = fL

g(fley) = gt = x¥y= ]

3
P k . .
2. .,fj (-X‘} = ; """""""""" TN ‘{_g,{\e} wm
I ¢

B, flxd =

+

Reflections in the Uns vy = x

Feflections mthe ine v = x

=y

Reflectons i

2%, The inverse is » Hne through {

Muatches graph (¢}

23, The inverse is a Hne through (0, 6) and (6. 0

Marches graph (b,

the ine v = x
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23. The inverse is half a parabola starting at (1, 0). 24. The inverse is a reflection in v = x of a third-degree

ali (0, 01
Matches graph (2). equation through (0, ()

Matches graph (d).
28, flo) = 2x, glo) = ;

(@) » | ®ie J2 =i lolito2

% 6 F=rl —4 -3 00 124
7 #'7

et x —4 =218 1214

Reflection in the ine v = x gt 2 R A T

The entries in the tables are the same, except that
the rows are inferchanged.

36, flx) = x5 oy s Lesle |3 5
gy =x+5 fE 10 =8 -5 =2 0
(a) £

A P x -~ -8t 51 -2 @
. . .
B glxp i =5 (=310 |3 3
= The entries in the table are the same except that the
ows are interchanged.
The graphs are reflections in the bne v = x. rows are interchange
....... Sx 4 1
P
@ O T2 -1 3 | s
| fe AP ; 1 I 3
R S s s s 5
e £
I i ; ; 7
- T e
Cglay g -2 -t 0 3 5

Reflecnon in the line v = x

The entries in the tables wre the same, except that
the rows are interchanged,

I
8. filxt = ] [ [
8 Sl = O T-al-3lo [ 3]s
y o3 Aols to =36 |
g{ )L‘} e - _—§ “““
@ x it jo -3 8 |
ay B :
27 gley| =4t -3 | 0 3 &
z M
" % ) The entries in the table are the same except that the
6”” rows are interchanged,

Reflection in the line v = &

@ Houghion Miffiin Company. All rights resarved.
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Section 1.6 Faverse Functions 59

29, Not a fupction 3y, It 15 the graph of a function, 2. Itis the graph of a one-(o-one
hut 5ot one-to-one, function.
32. ¥t is the graph of a one-to-one 33, Je is the graph of 2 one-to-one 34. It is the graph of 4 one-to-one
function, fanction. function.
. ! Vot v i
38, flx) =3 — 7% 3. o= X{X - 37, ki) = -
X
Fis one-to-one because a 5 13 not one-to-one because
horizontal line will intersect "z,&“ sorpe horizontal Hines infersect
the graph at most once. 5, the graph twice.
o &
kd 3

- fdoes not pass the Horizontal S S— s

s
Line Test, 5o /15 not one-o-one.
39, k= J16 — 49, flxy = —2x /16 — 2
f 13 not one-to-one because some 15 ot one-to-one because
3 . - . - ;
horizontal lines intersect the it does not pass the
graph twice. Horizontal Line Test
s 5 & # b

) o \\ L
g/ 0 H

I & a\
£ does not pass the Horizontal - 8 39 J
Line Test, so g is not one-to- s e
one.
41, fix) = 10 42, flx} = ~0.65 4%, plx) = (x + 5)°
F is not one-to-one because the 15 ot one-te-one because z is one-to-one because a
horizontal ine v = 10 intersects it does not pass the horizontal Jine will
the graph at every poind on the Hortzontal Line Test infersect the graph al most
grapiy. , OnCe.
4 &
3 3 f;
Ji
14 2
1% 12 # g}[f
oz 4
\ ‘ . r - 6
44 flxy=x° — 7 45, Alx} = Lx + 4] — |x — 4] 46. flx) = ~ Ji_*_f}
: X+ 6]
1§ one-lo-one hecansse k is not one-to-ong because . )
, . i . o is not ope-to-one because it
it passes the Horizontal some horizontal lines mtersect :
S ‘ does not pass the Horirontal
Fine Tesi. the graph more than once. -
Line Test
G @
s 0
15 5 2 1 [ e
| w f
W ]
; |
5 i
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_,/;f

y = & &x
118 not one-to-one,

This does not represent ¥ as 2 function of x. fdoes
aot have an rverse.

@

)

55 — 4

Il

[ is one-to-one and has an inverse,

~ g pot one-to-one, and does not have an

inverse. For example, f{1} = f{i—1} = 1L

2. =+ 3 sz -3, vy 26

y=ix 2 ez -3, y20
rm{y+ 35 v ~% x 20
V"/M;-’-@ T TR TR 3ox 2
v Jx =3 x2 0 vz =3
[ s ope-to-one. f
This is a function of x, /f
so f has an inverse. b e
~ o
FrHepw Jr— 3 x 20 R -

48. g is not one-t0-One.

For example, g1} = gl— 1} = &L

50, flx) = 3x + 5

fis one-to-one.

v=1{y - 5P vy 5
~Jr=v -3 v<5

The inverse 18 ¢ " = ~ Jx + 5

@ Houghton Mifflin Company. All rights resaivad.
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Section 1.6 Inverse Functions 61
W pr— 3 oo e
5%, flx) = JIx + 3 = xz =2, y2 GG flxy = Jx — 2 =s ox22 y20
3 y o - 2. xz 7, vz b
Y T NN .
YT LR S 2 2’-}'“8 =Sy =2, ved o xz2 4
e 3 =y —2, 220, v=2
x= 2y +3, v 2 e xz8
= v =y ox20, vl
e S e B T Fis one-to-one, so fhas an inverse.
- o 2
., ) [y a2 x 2 0
x -3 , 3
yoa= —, x 2z vz -
2 ' Z
F iz one to one.
This 18 a function of x, 50 fhas an inverse.
=
Xt =3 g
iyt x 2
f 5 ‘Z
7
87T flxy = lx— 2L, x £ 2,y 20 s
o ]x o 2[
=3
=y -2 vs2 x20
\\
r=—{y— Zjsimcey ~ 2 20 %
x w ey 4 7
y=-—x+2 xz y=£2
U= —x + 2, x2 90
) e e z¢ oy = Ty — 5
£8, fix) = T 32, fixy =2 — 3 Y
fis f;@% @ﬂvt{}@f}e. . = .
For instance f{1} = fi—1t} =12y~ 3 - J
Hence, f does not have an inverse. c 3
¥yo o
- Reflections in the lne v = x
frivg = S22
() = S
)
&6, flx) = Ax 2 1. Flx) = —
i i £l ﬂ
y = Ix L’M 2 v = X.‘-‘# ;,:—
b & - £ ? &
x =1y X =y —
1
¥ s y = :/;: 4
=y
3 Reflections in the Hne y » x FHay = 3y Reflections in the Hne v = x
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62.  fla =

i
R
o
Lad
-
\.}{ -
I
-
g
S
-

=

_,_-/v'-g{" o - Jﬁ;",‘i

¥ =y F !
= i
-4 5% 2

Reflections in the line y = x

I
{ »
Ji e et
A J‘M._»'*"
, .
¥y %’
4 &
[

Frixy = Sy Eeflections in the line v

66, flx) = V16~ 3, ~4 S0 <0 7. T
— . R
¥ = e 16— . & jeemen &
y o= - o,
X iy ¥ f=

i) =

i
b f e

/};

6%, [Fweletflay = (v ~ 2% x

;
inverse. [ Note: We could also

y=iy =2V, x2 2, vz 0
v =y~ 3F ozl oy 2

£
)
i
-
[
%
[g]
@ Houghton Mifilin Company. All rights reservad.
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Section 1.6 Fnverse Functions

T4 Hweletfix) = 1 — 2% x 2 0, then fhas an

7.

74.

76,

mverse. [Mote: We could also et x <
Flao=1-x x20 = vl
y=1~x5 xz20 y<i
x= by

V=le-xy20, 1l

i
fin
i
\'q i
e
I
-
W
fd

¥ o=

Wwelet flxp = |y — 2|, x 2 2, then f has an

inverse. {Mote: We could also et x = 2.1

Thus, f Hry =x+ 2, x 2 0.

Letfley = (x — 4¥, x = 4
y o= {x ~ 4}

= { ¥ — i}z

Domsin /0 x 2 4 Range [ v 2 O

Domain f 7 x 2 0 Rangef Y oy 2 4

Letfiz) = E;J‘Cz —~ 1 xz

Domain £ x 2 0 Range /- v 2 —1

Bomainf " x> —1 Rangef L v 20

7h Hwelet flx = jx + 2L x = —2, then { has an

inverse. [Note: We could also Jet x £ —2.]
fap=lx+ 2l xz2 -2
fley = x + 2 when x 2 — 2

ymx+2oxz 2 y2i

xmy b2 x20, y2 -2
x— 2=y xzl vz -2
Thus, fHx)=x— 2, x 2 0

y o= fx + 37
= (y +3)

F = JE -
Domain 1 x 2 -3 Range /- vy 20

Domain 7 x =20 Rangef ' v 2 ~3

75, Let flx) = 2% + 5§, x = 0.

y= 25+ 5

x =~y + 5

y = U5 - x/2
5 — x
S T .
) .
Domain /2 x 2 6 Range f1 vy = 5

Domain 7 x = 58

ThoLet flxy = lx— 4+ 1, rzdandy > L

y=|x— 4] +1
vy 3 hecause ¥ 2 4,

x =y = 3

e

y o= x4
FHg=x+3 x=1
Domain f1ox 2 4

Domainf ' x 2 1 Range 7' v 2 4
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78, Let fix)

Diomain §ox 2 4

Domain /77 x

S [F o

= — 3 x o

-1 x = -

Range f: v s —2

i

=7  Rangef U oy 2l

75,

x Fla X Fie
P N B

7}

[
ot

-2, xzlandy s —1

Z because x = 1.

Ll
L3
Lk

8.

H E R .
7 because j{gj = £

87. (g -f T H2 = gl0) = 2

g8 flx) = &

The graph of the inverse
relation 15 an inverse &
function since it satisfies

4+ oyl g

82,

9

T

the Vertical Line Test, -3

. {a) and (b}

2

Aoy

e

g HOy = ~ 2 because g{—2) = 0.

glf{—4)) = gld) = 6

oy Not an inverse funciion since it dogs not satisfy
the Yerrcal Line Test.

& Howughton Miffin Company. All dghts reserved.
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Section 1.6

Inverse Functions

&5

The graph of the nverse
relation is not an inverse

funcrion since
satisfy the Vert

¢ i &2 {a)and ()

o
133

it does not

ical Line Test. willia

it

ey Inverse fanction since it satisfies the Vertical

Line Test.

I Exercices 93-98, flx) = flgx ~ 3 Uy =8 + 3 2l =2 g Hx = 3.
=g N =T =T +3) =801 +3) =32
(g; . fﬂﬁ}(fg\} o gi{f 1{7%}\} — g}[g(g«% 5 ,.%}} — g'{{}} — 3/5 . {}

93.
44,
93,
46.

1.

(Fr g

(F 0 f U6y = F (7 6)) = £8l6 + 3] = £1(72) = 8(72 + 3) = 600

(g7he g M—a) = gl (g i {—4)) = gr{Vf _4} = gf’g/??{. 3

(fgilx} = flgt
Mow find the i
¥ =

x4 3 o=

Blx + 3
e
(feg) Hx) =
Mote: {f- g™

il

0) = f) = b - 3

averse of (f» g)lx) = tx — %

P13
iy 3
f
Fha

e

98, (¢~

In Exercises 99-102, flx) = x + 4, f~Hx) = x — 4, plx) = 2o ~ 3, g7 Hx} =

99,

(g% -7

e A )

ey g“(‘g — Ji}

166, (f

3
DA e

P
x 3

ral |
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101, (F o gia) = flelx)) = fl2x ~ 3) = {2x — 5) + 4 = 2x — |, Now find the inverse of (f» g}{x} = 2xr - &

t J

i P g R
/ 2

Mote that Lf = o) Hxd = (g7« £ Hixls see Barercise 99

a2, 2 2y b B e 5 o= Iy b 3 Mow find inverse:

i
Bl
Py
B
f
Lig
i
2

x— 3
P Fy T( R
u‘f f } ,‘ﬂf, 2

Moste that (g« 177 = f7lep !

i3, (@) Yes
size, there Is exactly one U5, 3

fis ome-to-one. For each Buropeas shoe 14, (a) Yes. g is one-to-one. For cach Huropean shoe
sive, there is exactly one U5, shoe size.

(by F{1E) = 45 by pi6y = 38
oy Folid3) = 1 because FUI0; = 43 fo) gt {42) 9 because gl = 42

() Fip (411 = j‘{g} w4 ey g{g TERGYY ;3{7) w34

(e f lAEAN = U AT) = 13 te) g Hgtsh = g 1O3T) = 5

165, (3} Yes, s ope-to-one, so f 1 exiss,
(By §77 gives the vear corresponding 1o the 10 values i the second column.
fcy FUUES03Y = 10 because FOH) = 6503,

(dy Mo, because F{11) = f{15) = 6904,

e, (a) o= &b 0.75x {h) 2

(o} T o units are produced, then

v o= B+ 0.75(10) = $15.50,

{ddy 1 the howly wage is $22.25, then
x = howrly wage

3225 - 8
. . R L B pimite
¥ = number of units produced . 075 1Y umits.

€ Houghten Miffiin Company. Al rights reserved.
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Section 1.6 [mverse Functions &7

107,

149,

G

131,

i17.

P20~

124,

127,

. Yes. The inverse would give the time 1 fook 1o

"=~ 1 e~ SHe w2} w200

False. flxh = 2% i5 even, but /7 does not exist 108, True, [F(0, b} is the v-intercept of £ then {5, 0) is
the rintercept of 1

We will show that {f-g)" el = (g7 « f Ui for all x in their domains.
Lety = {f=g; Ya} = {fepily] = xthen figly})

Hence, (g7 o f~ lx; = g glvh

Mo, the graphs are not reflections of each other in 112, Yes, the graphs are reflections of each other in the
the line v = 1 finey = x
Yes, the graphs are reflections of each other in the 114, Yes, the graphs are refllections of each other in the
Hne vy == x, fine vy = x,

116, Yes, assuming that the population is increasing
between 1960 and 2003, The inverse would give

complete n miles. : ' .
the vear corresponding to a given population.

No. The function oscillates. 118, No, because heights remain 119, e = O x # O

ey ‘ ) Bx
copstant, or oven decrease,
after muany years.,

Xt B4 S b8 xS

x = 3 No Does nol pass B2E, 27+ 9t = 9 i26. >+ vy = 8

Yertical bine Test s .
¥ y o= o-x 8
No, ¥ 1% not a function of © Yes, v is a tunciion of x

Yes, v s g function of x 3o
¥ A

Mo, v is not a funcaon of 1
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Section 1.7  Linear Models and Scatier Plots

Your should know how o construct 2 scatter plot for 2 et of data
should recognize I a set of data has a positive correlation, negative correlation, or neither,

You should be able (o fit a Hne o data using the point-siope formula.

ot
-
&

You should be able (o use the regression feature of o graphing utility w find a lnear model for a
set of data.

# You should be able w find and mterpret the correlation coefficient of a linesr model,

Vocabulary Check

i. positive 2. negative 3. Duting & line fo data 4 -1

i {al v 2. {(a}

Score an second quiz

Yegrs of enprerience Seore on frst guis

(b} Yes, the data appears somewhat Bnear. The more (by Ne. Quiz scores are dependent on several varl-

erperience, 1, corresponds © higher sales, v. ables, such as study time, class attendance, eic.

3, Negatve comrelation—y 4 Mo correlation 5. Mo correlation . Positive correlation
decrenses as ¥ mcresses,

7. fad

(hy v = 0.46x + 1.62

Correlation coefficient: 093085 Correlation coefficient: ~ (3.948172
I 8 7
(o} ! () <
//' i
. k
4 s “’ﬁ/( 4 o “:‘\" &
! LI S

(y Yes, the model appears valid. {(d}y The model appears valid.

© Houghton Mifiin Company. Al rights raserved.
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Secrion 1.7

Linear Models and Scatier Plois

59

9, {a) ;

(hy v o= 095 + 092

Correlation coefficient: 0905748

-t

(<l

; E
[
g 5 ¢
5 47 =
&
[~} £
o &
K &
i
- 5
SIS T ¢
Peea

(by o = QOTF — 03

(e of = Q066F or F = 151534 + 0090

(ey B F == 55, 4 = GO066{55) = 383 om.

13 (a: ot

i

(by vy = 13617 +

() 1800

84

; e
— o

o

Yes, the moded 18 & good ft.

(dy For 7005, ¢

For 2080, 1

I

0 (2} v

{by vy = —1.15x + &35

Correlation coefficient: — 095175

i) ¢

*,

™

{d} The model is somewhat valid.

1Z. (ap ¢

4]
(b} y= (322 + 132
(53 S N e

Yes, the model 13 2 good f

{ly For 2010, ¢ = 20 and y = 3.76 minutes.

Yesg, the answers seem reasonable,

5and v = 15165, or 51,516,500,

W and v = 2197, or $2.197 Bl

Yeu, the answers seem reasonahle.

{2y The slope is 1361 It savs that the mean salary mcreases by

$136,100 per year



7% Chapter 1 Functions and Their Graphs
4. (ay = I8 (a3 =
8 , 5 1 is
[ i
(b} vy = 0.84 + 339 (by C = 1352 + 1570
fcy = Correlation coefficient: (0.96544
R ———— (cy &
i = M
Yes, the model is & good it hr "
{dy For 2005, 1 = 15 and y = 40.5, or $46,300. (dy The model g a good it
For 2010, r = 20 and v = 307, or $50,706. {ey For 2008, ¢ = 15, y, = $38.98
Yes, the answers seem reasonable. For 2010, ¢ = 2, y, = 346.74.
(fy Answers will vary.
16, {a} o 7. {a}
{f Prommmbmres et i & oo R CTid
& &
{by F == 42.0r + 8585 By F =06 + 512
foy meor {cy w
ittt A
]
|
i !
T 4 S 35
The model is 8 good §u The medel is not a good b
{dy For 2050, ¢ = 50 and P = 10685, or 10,685,000 (dy For 2050, t = S0 and P = 342, or 542000
neople. Answers will vary. people. Answers will vary.
18, (a) v = 47 77x + 1038
Correlation coefhoient: 081238
(hy = _
e
| f‘/ - K
15 N

{c} The slope represents the increase in sales due tw increased advertising.

FPor $1300,x = 15 and vy = 175455 or 3175455

@ Houghton Millin Company. All rights reserved.
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73

@ Houghton Miflin Company. All rights reserved.

19 (ay T =367 + 926

Correlation coefficient: 79405

g;h‘} 2601

3 o B W'
. e B
™
PR Y 5
P

(&) The slope indicated the number of new stores opened per vear
{dy F= 3677+ 926 » 1800
3677 = B4
1> 2348

The member of stores will exceed 1800 near the end of 2013,

© ) wear | 1997 | 1998 | 1999

2000 2001 1 2002 | 2003 1 2004 | 2005 ¢ 2006

Data TI30 | Li82 ) 1243

P3GT L OERBL L L4730 1553 1308 1400 | 1505

Model | 1183 0 12201 12536

1293 | 1330 ) 1366 | 1403 1440 | 1477 ¢ 1513

The model is not 2 good fit, especially around § = 14

26. (ay v = 0022 + 503

(bY The negative slope indicates that
are decreasing.

) E
[

{3} The model is not very accurate.

the times {e) Answers will vary.

4 F =
4o
2% True To have positive correlation, the y-values tend 2% False. The cleser to ©or — L, the better the e

£ HICTEASE B8 X CTCHSES,
23, Answers will vary,

25, f/{K} m 2}{'7 Ry b

, P x= x5
27, hixy = ( T
e l?z “ 3 x» 0

@y A1y = 208 = 3 =8 (b RO

“““ 8 _ El
e

32, Wt - 23— 5 =10

{9r = 5¥3c + 1} = 0

501
X oo T
AN

24, Answers will vary.

6. glx) = 547 = fx 4+

(a) g{~2) = 5(4) = 6(~2) + | = 33

+ 2+ 5 (b) gle = 2} = 5z = 2 ~ 6z = 2) + 1

28, (a) k(=3 =5 - 2~3) =11

k-1 ={—1F +4 =7

3 3x 3 = Te 2 3. B - 10 -3 =0

X = P
_____ Tz g MO
A 3
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Heview Exercises for Chapter 1

B (=3 11
. . 4
am %, 2
4 d $ PR ®
1) /%y — 1 3/2 3
4, Skhope = -"} undefined &, m o= %Z—j{%fi; = "};Z = P
- 7.12)
B &
..
5o 1 1
PR 3 ) . .
-t s 7. (—45, 61, (2.1, 3)
B
" 3o -3 30 5
----- L "TIT (5 es e i
750 3 Poizmsar o >
;
DI S A
i ] +

8. Slope = —————s = —— w =2 = § §. (a) v = ?{{ )

; 4y + 4=~ 2
; . wx ok dy + 6=
B (b} Thres additional points:
(2 -+ 4, —1 -+ 1= (s 0
6+ 4,0+ 8 =40, 5
0+ 4,1+ 1) = {14, 2)

{nther answers possible)

® Houghton Mifflin Company. All rights reservad.



@ Houghtion Miffiin Company. Al rights reserved.

Review Exercises for Chaprer ] 73

10, (a) v~ 5= =3z + 3} 11, (a) v+ 5 =3 — 0)
Zy - 10 = -3y - 8 2y 4+ 10 = 3x
3o Dy — 1w 0 =+ Iyt =0
{by Three additional poinis: (b} Three additional points:
(-3 +2,5-3)=1(~1.2) G +2 —-5+3=102 -2
(m1+2,2=3={L 1) (2+2,-2+ 3= (41}
(042, 1~ 3) = (3, ~4) (44 71+ 3 = (6 4)

{other angwers possible} {other answers possible}

12, (&) y— 0= ~2x — 3 13. (a) y+ 5= —ilx -}

Iy = x4+ B v+ 5= wz*"‘%
e+ 3y —6 =0 Sy + 25 = — Sy 4

(%) Three additional points: S+ 5y + 24 =0
(3 - 3.0+ 2)=1{2 (hy Three additional points:
03,2+ 2 = (—3.4) {

{~3% = 3,4+ 2)={-§ & {

It

{other answers possible) { % + 4, -7 i} = {"Eg(’ - %E

{uther answers possible}

(a) y = 6 = 0lx + 2)

i

A R 1

Ay ~ 35 = — 3« v-6=10

i

Adx b 4Gy - 35 {b) Three additional points:

() Three additional points: (0.6, (1,61,(2,6)
{Ef} + ’%f;:" - 43 = 5‘% %25") (other apswers possible}

; S . .

(5+5 % —4) = (0. -F)

/ 57 ; Ay
(10 + 5 =¥ — 4} = (15. -%)
{other answers possible)
6 (y -8 =0+8 =0 17. {3} m is undefined means that the line s vertical,
v = 8 {horizontal line) x— =4

o o= (b Three sdditional points: (10, 03, (100 13,010, 2)
(by Three additional points: (0. 8), (1,8}, (2, 8) {other answers possible)

{other answers possible)

18, (3 Siopeis éncﬁaﬁneaﬁ Hne is vertical: x = Jorx — 5= 0

() Three additional points: {5, 00, (5, 13, (5, 2}

fothey answers possible)
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(Slope = () i

28

21y~ 0 = (x + 1)

&~ (11

7 7 7

H”'JHM .

23. ¢ = 8 comesponds to 2008,
Point {8, 12,500, slope: 850
Vo 12,500 = 850{r — 8)

Vo= 850 + 3700

25 m o= 4270
Point: (8, 625.50)
Vo BI550 = 42.70(r ~ B}
Vo 42708 + 283.90

27, {2, 160,000}, (3. 185.000)

IB3.600 — 160,000
o= P SPARLEY
3 -

A

5o 160,000 = 250006 — 2}
& = 25000 + 110,000

For the fourth guarter Jet £ = 4. Then we have

S = 250004} + 110000 = $210.000.

Loz 2 2
=Sl =it s y=trb s

28 Slope iz undefined. 2
Line 15 vertical.
-3 =
x = {3
6 - 2
2 y-6=c—Sk-b ] <

24 mo= — 115
Point: {8, 3745}
V- 3795 = —115{ — &}
Vo= —115r + 4715

26, 1= ¥ comresponds to 2008,

Point: {8, 72,953, slope: ~5.15

Vo= 515 + (14,15

Vo 225 = < 12,7501 — 6}

28, (a) Point {6, 225}, stope: — 12,75

Vo= — 1275+ 3015

S

6-‘-‘-—‘-‘-‘-‘—‘-’*‘-‘-‘—‘-:5‘24
&

(b} o

L

(cy In 2010, = Wand V = 174 doHars,

(5 ¥V = U when ¢ = 23.6, {2023},
Algebraically,
Vo= — 275 + 3015 =0

fow S a3 6

@ Houghton Mifflin Company. Al rights reserved.
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Review Exercises for Chaprer ] 718

2%,

31

33

Lad
b

37.

LA

5r — Ay m B o=b oy ix —Zandm =
{a} Parallel slope: m = %
y— (=2 =3~ 3)
4y 4+ B = Sx -~ 15
§ o= Sy - dy ~ 23

YU Ty

Landdn

(b} Perpendicular slope: m = —
y = (=2} = ~Hx ~ )
Sy + 10= —dx + 12

4+ Sy~ 2 =0

x = 4 is a vertical line; the slope is not defined.
{a) Parallel line: x = —&
(b} Perpendicular sloperm = 0

Perpendicular line: v — 2 = 0{x + 6}

= {} o },:2

(ay Mot a function. 20 is assigned two different
valpes, ’

{b) Function
f¢y Function

{d} Not a function. No value is assigned to 30,

. Mo, vis aot a function of x. Some r-values

correspond o two y-values. For example, x = |
corresponds to y = 4 and y = —4,

N

Each x value, x < 1, corresponds i only one
y-valge 80 v is a function of x.

Lokl

30, Slope of given hner m = —
@y-3=-3r+8 = Iy 9= -2~ 16

mp 2xd 3y b7 =0

zmp Ty o~ &= Jx b 24

w3 dy b 30 = 0

32, v = 215 3 horizontal line

(a) Paralie! line through (3, —4): v = 4

(b} Perpendicular line through (3, ~4): x = 3
13
& 18

34. (2 Not a function, « is assigned two different values,
(b} Function
fcy Function

(d} Not a function, w is assigned two different
values and & 15 unassigned.

38, No, does not pass Vertical Line Test
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Chopter |

Fuuetions arnd Thelr Graphs

41.

44,

47,

44,

x = [
X i

P

The dowmaln of flx) =

The domain of f{x)

Degnadns | 5,

The domain of gl3) = =

The domain of Fix) = ~

{ay Clx} = 16000 + 533«
(by Plx) = Rly} ~ Clx}
= B2y -

. RB{ in billioas of dollars

(16000 + 5338

- 15 a2l real numbers ¥ #

1w all real numbers &

4k, pla) = 17

- is the set of all real numbers.

46. The domaip of flx) =

e T} X

A

s ail real numbers ¥ -

by gle +

e g(—27) = {

{dy gl

) = (e 148

P Year 1997 | 1998 1 1999

2800

Hin

2003

|
| R | 6.744 | 7744 1 8996

V]

#

§2.699

x} o= (e xy®

o

= 16

S
P

16 is siven by

fiirr Company. Al ights reserved.

£
i

@ Houghton M
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Review Exercises for Chapter I T}

£1.

£3.

Fla) =237 4+ 3x — 1
flo+ k)= 2x + A2+ 3x + 1)~ 1

= 27+ dxh + 2 4+ Zx b 3R -

&
:

Flx + ) — flx) _ (22 +4xh + 2R+ 30+ 30— 1) - 28+ e~ )

E h

dxh + 2W+
h

=4y +2h+ 3 h#0

flx+ R) = {x+ by = Sx + K + lc + &)
= o Bl Bkl B 52— 100k - SKY b x b h
(x + h) — flod = Wk + 3xh? + B — 10xh — SKE + &

Flx -+ By — Flx) B 4+ 3xh o+ B — $0x - 5k 1)
A h

w Ay b Axh b BT — Mk — Sh+ 1, AFED

Domain: Al real numbers 4

Range: y < 3 %

: 5 _ -~ 1 { ‘ V/'?:'"‘s b w'/i' 3 ki
84, Domain: Zx? — 1 2 0 =2 ¥ 2 oo oo [ —on, - U o0 Y 3
2 L Z 2 / % /
" \\\
Range: [0, oo} " {f
1 L 4]
35, Domain: 36— 2220 = o366 = —6<x<6 &6, Domain: all real numbers
Range: 0 s v < § 8 Range: [0, oo} i
. -
7N E AN
tf \ \
1] ] |
“..___..m,__‘.;.,mmwmi :
_ 2+ 3x g LA 4
7. (g) vy = 3 K\ 3% (ay v = Wif!t + :3{
4 E
(b} ¥ is & function of x. b ’ T (b} yisa function of &, \\
~ - .
) &
29, (o) 3x + T =2 & 68, {(a) x* + P = 49 2
S e
¥ o 2o Ay I (b v is not a function of x. / \\

e | i/

(b1 v s not a function of x, & &
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61. f(x) = x* ~ 3« 62 flx) = S5 -9
(a)

=3
L

e
=

; % \“\ // .‘
PR 5 = ]
N A T
'— ) W ”
by Increasing on {~ oo, ~ 1) and {[, oo} (hy Increasing on (3, o0}
g s
Decreasing on (— 1, 1} Diecreasing on (oo, — 3]

63, flxy = xJ/x — 6

{5 T . ;
(a) 7 G} £
/ . P
! B
] e -
2 [

(b) Increasing on {6, oo , . W
o g oms ‘ {by Increasing on - 8, oo}

Drecreasing on {— oo, — 8}

6B, flx) = (x° ~ 4F 66. flx) = x% =~ x — 1

Relative munima: {— 7. 0 and (2, 0 B
Refative maximuny: (0, 16) 20 ;ii j
i LAE : 4
n +
y E .
B Eg g ¢

- Helative munfmume (G5, 1 25}

67 hlx) = 4 ~ 68. flx) = x' — 4t~ |

3 4
A ] i N
A i i -
[ L | i
16 L [ 16 Ji
3 I | P g&
IR, SO f
i 1
Relative maximum: {3, 27} Relative maximum: (0, — 1)

Relavive minimum (267, -~ 1048

PRV &S A ¢
69 flxi = [ x—4 xz=0

& Houghton Miffiin Company, All rights reserved.
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Review Exercises for Chapter |

74

2.

74,

6.

78,

&%, glx} = x is the parent function. f is obtained from g
by a reflection in the x-axds, followed by a vertical
shift five units upward.
flai= —x+ 5= ~gled + 3

82 glx} = —x' — 2 is obtained from f(x} = P by a
reflection in the x-axis, followed by a vertical shift
twio units downward.
glx) = ~flx) — 2

84, glxi = — /¥ — 3 is obtained from flxy = Jxbya

Fls = Ex + 23

e B
z

Fl-) = (~2f ~ ()~ 1
= gt g — )
# flx)

and fl~x) # —flx)

Netther even nor odd

Fled = 25 = % g neither even nor odd,

flx) = (=025 = 3525 = f3)

Even

horizontal shift three units to the right followed by

a reflection in the x-axis.

glxy = —flx — 3

T3

75,

71

e

#3.

85,

Flmx) = (=5 1 6
. Xi + 6
= flx}
Fven
flxh = ({0 = 8)

= {x? — R)2
= flx)

fis even.

Fl=x) = H=x % fla) and f(=x) # —f{x)
Neither even nor odd

{(Note that the domaip of f s x 2 0

Flxy = —7ig g constant function.

L oglxr = x5 the parent fanction. £ is obtained
from g by a horizontal shift two unity to the righ

followed by 2 vertical shift one unit upward.

Flpb=fr— 2P+ 1 =glx— 2} +1!

gley = x| + 3 is obtained from f{x} = x| by a

vertical shift three units upward.

glxp = flx} + 3

v o= f{—x}is areflection in the v-axis.
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g6, &7. 28,

3

o= - Pk s a reflection in Yo F s a vertical shift

g - 1y ig g hovizonal
the x-a%is. _ rwo units downward,

it {0 the right.

89, iny flxy = a7 9. (ay flx} = 27

iy A is g vertcal shifr i units downward, (hy A is arveflection in the v-axis, followed by a
vertical shitfy three unus downward,

(e}

(@) b = fla) - 6

ey k(s

G2 hix)

fay flxp = &

by The grash of b s 2 horizontal shift of Fowo
units to the left, followed by a reflection in the
eanis, followed by a vertical shift erght units
e ard,

(e}

(G dileh = (o= 20 4+ 5 = flr — 2} + 5

() Alxy = ~{x+ 20 = 8w e 4+ 27— &

93, iay flx) = 7 (ch

b
prag
'
f
B
=
L
=
=
fosih
i
£
w
=
o
=
=
W
s

right, a ref : :
b 2 vertical shaft etght nnats downward, o

€ Houghton Mifflin Company. All rights reservaed.
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Review Exercises for Chapter 1 81

54.

94,

a8,

hix) = Hx — 37— 6

@ flx}=x

(b} The graph of & is & borizontal shift of Fthree
units to the right, followed by a vertical shrink
of 3, followed by a vertical shift six units
downward.

(d) Alx) = 3x = 3P 6
=fle ~ 3} - 6

By = 2%+ 5
(ay flay = Jx

{b} The graph of & is & vertical streich of fof 2,
followed by a vertical shift five units upward.

Hxh = lxl + ¢
(ay flx) = |xf

iby The graph of h is a vertical shuft of £ nine units
apward.

{c}

95, hixi = — Jr+ 5

{by The graph of h is s reflection of Fis the x-axis,
followed by a vertical shift five anits upward,

7. By = Vi = 1 +3

() fle) = Jx

{b) The graph of & is a horizontal shift of one unit
1o the right, followed by a vertical shift three
units wpward.,

G
.
ERs /
i d
i
4 =% 3

(dy Ry = flx — 1+ 3

99, ey = —3lxl + 9

{a) flx} = |x]

{by A is a vertical shrink, followed by 2 reflection
in the y-axis, followed by a vertical shift nine
amits upward.

(dy hlx) = ~iflx) + 9
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1646, Fz{x} = ix s g[ hhhhh I

(a) flx) = [+]

(Y A is a horizontad shift eight anits to the left, followed by & vertical shift one unit
downward,

(s Hx) = flx + &) - 1

101, (F — gi{4) = fld) ~ gl4) W02 (F + BYS) = AS) + A3 W3 L+ @}25) = F25) + (05}

T

=13~ 24)] - V3 7477 | i s

104. (g — A1) = g(1) ~ A(I) = 1 — 5 = —4 105, (fRN1) = fLR(E) = (3 — 2(1NGOP + 2)

= 107 (7 g)(7) = hle(7)) 108, (g - )=2) = gl7) = /T

1046,

)/

109. (fo )4} = flh{-4)) 0. (g - h)(6) = g6} 1L fld = xhgle) = 2 + 3
= f{50) = g{110) (f o giu} = flx 4 3}
w9 = /16 T
112, fia) = xfple) = b — 2x 113, flx) = S gy = dy + 2
(feglle) = fUL = Za == (1 = 2ap = Bta) (foghla) = fldx + 2) = Jax £ 2 = hlx)

. -~ . P
114, flap = e gle) = 0 + 2 S, fla) = —glap = x ¢ 2

(f=gie) = flle + 2% = Y + 27 = hlx)
(Fogiay = flax+ 2) = —— hix)

P16, Fldd = —, gla) = 3z + LS

€ Houghion Mifflin Company. All rights reserved.



© Houghton Mifflin Company. All rights reserved.

Eeview Exercises for Chapter | 83

118, v, + v, = (0002047 + 00015 + 1.021) + (D0274r + 0.78%%)

119, Flx) = 6 126, Flxy = x 4 3

£ = b S = x5

L = ox + 3 s f = 20~ 3= 2= 6 122 fl = T = £ = Sx 4

123, (1) 124, flay = Jx+ 1, gy =x~ 1, xz0

y
——— {ay o
i, [
4 _,?gw*“"' .
ol S —
Keflection in the Hne y = x

; B L S S
(b} s 1= PR o Reflections imy = x

faiay |7 1 1] o (2 IV B N A Y
falo 1] 21 3 |4

PRI < T U S B T O R

gl =5 1| o |1 |3 x Lo ot b2 34
gey | —1 1 @ 3 8 15

The entries i the table are the same except
f.’i: (’ N © ar M b g o . |
that their rows are iterchanged. The entries are the same, except that the rows

are interchanged.

128, 5 128, 5

-8 o M’Q \: /
ol S i

s ey

Flxh = (x — 1} does not pass the Horizontal Line

e 1 . N
Flar = 2x — 3 passes the Horizontal Line Test,
Test, Not one-to-one

and hence 1§ one-to-one and has an inverse
F
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127. s
o - S )

}
iﬁi i"’ el :‘X - r}
2
i
XSy 3
I
y =20 + 5)

¥ 4+ 3= 4y?

x 3 .
e
& -

T —

133, o= Vr+ 16
yo= Jrt 0xz —10,y 20
=y 400
Xt ey

FMa = .20

138, MNegative comrelation

128, 19

e

i f /‘M"M g

rm—

glxl = x -+ 6 passes the Horizontal Line Test Tt

i3 one-to-one.

130, fly = S

-
il
- |
o
=1
b
-+
Ll
S

Bx = Ty + 3

gy — 3 =Ty

fix) = :];{i%x =3}

132 vy =50 47

134, flx) = 406 ~ x. x £ 6,y 2 0
=46~ x
xz&/@mjm}i vEhx20
22 = 16(6 ~ ¥) = 96 ~ 18y

16y = 96 — ¥

-2
i6
Fix) =2 20

136, No correlation

@ Houghton Miffiin Company. All righis reserved.
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Review Exercises for Chapter |

5]

L37.

Py
e

138, (a)

41, v

138, (&) ¥

PR soare Thn oot

3315

aF. (b} Answers will vary.

Yes, the relationship s approximately §
Higher entrance exam soores, 2, 470 associated
with higher grade-point averages, v.

E

s == Hi (Approximations will vary.)

ey &= 97 4+ 0.4 099933

Spesd (i moten

v - O 19 4 4,164,
----- 0.91947

143, The model dovs not it well, id4. Mo The data stops at (600, 100.0%

143, False glad = ~[{x — 6F + ¥ = ~{xy — 6 ~ Jand pl— |} = —

. ) . s i . e
146, True f~Hx) = 1'% 5 odd 847, False. f{xj = L or] (x} = v satisfies f =

LA
[
.
o
{F

-
H

148, False. The slope can be positive, negative, or .
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Chapter 1 Practice Test

Pud

Lhy

16

1%,

13

i4.

16,

i7.

18

. Find the slope of the line passing through the points {2, 2} and (1, 3.

. Find an equation for the line passing through the points (3, —2) and (4, —3). Use a graphing wtility (o skeich a

graph of the line.

. Fing an equation of the Hne that passes through the point { — 1, 5} and has slope ~ 3. Use a graphing utility o

sketch a graph of the line.,

. Find the slope-intercept form of the line that passes through the point {—3, 2} and is perpendicular

o dx Sy =T,

. Does the eguatior ¥* + v = 16 represent y as a function of 17

. Evaluate the function fix} = [x ~ 2{/{x ~ Datthepoints x = G, x = Z,and x = 4

Find the domain of the fenction flx) = 5/ — 18},

. Find the domain of the fanction glf) = JE 7

Use a graphing utility to sketch the graph of the function f{x} = 3 — »® and determine if the function is even, odd,

or peither,
Dietermine the open interval{s) on which the function fix) = 12x — 2% is increasing.

Use o graphing utility to approximate any relative mimmum or medimum velees of the function y = 4 -~ x + &

b1

Compare the graph of flx} = x* — 3 with the graph of v = x7,

Compare the graph of flx} = Jx 6 with the graph of y = Jx

Find g « £ if flx} = /xand gla) = +° ~ 2. What is the domain of g 17

. Find f/g if flx) = 37 and glx} = 16 ~ »* What is the domain of f/g?

- i .
Show that f{x) = 3x + 1 and glx) = T are inverse functions algebraically and graphically,

Find the mverse of Flx) = JI- i 0g g3 Graph fand £ in the same viewing reciangle.

Lise a graphing utility o find the least squares regression line for the points (1, 03, (0, 1), (3. 3}, (4, 5). Graph
the points and the tine.

@ Houghton Miffiin Company. All rights reserved.



